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"  PREFACE. 

^     A    FORMER  volume  having  been  devoted  to  Physical 

V  l\    and  Structural  Geology,  the  student's  curriculum  is 

iv   now  completed  by  a  short  treatise  on  Palaeontological  and 

^  Historical  Geology,  in  accordance  with  the  scheme  set  out 

in  the  Introduction  to  the  first  volume.   It  may  be  thought 

that  the  section  devoted  to  PalsBontology  should  have  been 

fuller,  and  should  have  included  some  description  of  those 

forms  of  life  which  are  most  frequently  met  with  in  a 

fossil  state.      This  was  indeed  my  intention,  but  a  trial 

convinced  me  that  a  brief  summary  would  be  of  very  little 

use,  and  that  for  the  proper  treatment  of  the  subject  a 

separate  volume  would  be  required. 

In  the  Historical  section  I  have  endeavoured  to  give  as 

full  an  account  of  the  rocks  of  Great  Britain  and  Ireland 

as  space  would  permit,  supplementing  this  with  only  so 

much  of  continental  geology  as  is  necessary  to  fill  up  the 

^  gaps  in  the  British  records,  and  to  complete  the  outline  of 

%  Qeological  History.     The  literature  of  British  Geology  is 

\    beginning  to  attain  very  large  proportions,  but  in  spite  of 

i)   the  large  amount  of  information  which  has  been  obtained, 

^  there  are  many  areas  (especially  of  Palaeozoic  rocks)  about 

^  which  very  little  is  yet  known ;  and  in  other  cases,  though 

^  the  local  succession  is  known,  yet  authorities  differ  as  to 

>  the  exact  a^e  and  correlation  of  the  several  rock-groups. 

%  Systematic  nomenclature  is  another  difficulty,  for  as  our 
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knowledge  increases  alterations  in  tlie  claBHificatioa  and 
nomenclature  of  one  or  other  of  the  rock-groups  often 
become  desirable,  but  any  alterations  proposed  are  alwavs 
productive  of  much  discussion  and  difference  of  opinion. 
Under  these  circumstances,  the  compiler  of  a  students' 
handbook  frequently  finds  it  difBenlt  to  decide  whether  he 
should  follow  some  one  authority,  or  endeavour  to  extract 
truth  and  justice  from  conflicting  statements,  and  often 
indeed  he  is  forced  to  form  his  own  opinion  on  the  facts 
broi^ht  forward  by  different  observers.  Where,  therefore, 
I  hare  presumed  to  take  an  independent  course,  this  neces- 
sity must  be  my  excuse. 

Prominence  has  been  given  to  such  stratigraphical  facts 
as  throw  light  on  the  physical  and  geographical  conditions 
under  which  each  group  or  system  of  rocks  has  been  accu- 
mulated.  It  is  only  of  late  years  that  our  knowledge  has 
become  sufficiently  complete  to  fumisb  grounds  for  the  esta- 
blishment of  Paheo- Geography  as  a  branch  of  Oeology,  and 
much  more  information  is  yet  required  before  we  can  con- 
fidently restore  the  physical  geography  of  Britain  in  any 
but  the  very  latest  phases  of  its  history.  The  farther  we 
go  back  in  time  the  fewer  are  the  data  upon  which  we  can 
build,  and  I  am  therefore  quite  aware  that  in  attempting 
to  give  a  brief  but  definite  sketch  of  the  geography  of  each 
successive  period,  -and  in  indicating  the  changes  which 
seem  to  have  taken  place  in  the  relative  positions  of  land 
and  sea,  I  have  ventured  into  fields  of  doubt  and  difficulty. 
In  making  the  attempt,  however,  I  have  avaUed  myself  of 
the  material  already  collected  by  Professor  Hull  in  his 
"  Contributions  to  the  Physical  History  of  Great  Britain," 
and  I  have  endeavoured  in  each  case  to  confine  myself  to 
such  inferences  as  might  reasonably  be  deduced  from  a 
study  of  the  facts  without  entering  too  far  into  the  realms 
of  scientific  speculation. 
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To  Professor  Lapworth,  who  kindly  read  the  chapters 
on  Archaean  and  Palseozoic  rocks,  I  am  indebted  for  many 
suggestions ;  and  to  Professor  Bonney,  Dr.  Hicks,  Mr. 
H.  B.  Woodward,  Mr.  Hugh  Miller,  Mr.  A.  Strahan,  and 
Mr.  Mellard  Eeade,  my  best  thanks  are  due  for  similar 
assistance  in  other  portions  of  the  book. 

The  figures  of  fossil  plants  and  animals  have  been  in- 
troduced  to  familiarize  the  student  with  the  forms  of  such 
fossils,  and  I  feel  sure  that  many  will  welcome  the  re-ap- 
pearance of  some  of  the  excellent  groups  which  were  drawn 
by  Mr.  Baily  for  Jukes'  "  Manual  of  Geology."  Of  the 
rest  many  are  borrowed  from  Dr.  Mantell's  works ;  some 
few  were  drawn  by  myself  and  reproduced  by  Messrs. 
Dawson's  photographic  process,  as  were  also  Figs.  59  and 
99  from  drawings  by  Mr.  G.  Sharman. 

Sections  illustrative  of  the  geological  structure  of  the 
country  are  so  useful  a  means  of  conveying  information 
and  of  fixing  it  in  the  mind  of  the  student,  that  I  regard 
them  a  necessary  adjunct  to  a  book  which  is  intended  for 
teaching  purposes.  No  fewer  than  fifty  such  sections  have 
therefore  been  inserted  in  this  volume ;  some  of  them  are 
borrowed  from  the  pages  of  the  Geological  Society  and  the 
Geologists'  Association,  and  for  the  use  of  these  cuts  my 
acknowledgments  are  due  to  the  authors  of  the  several 
articles  and  to  the  Coimcils  of  the  above-mentioned 
societies. 

The  frontispiece  is  a  reprint  of  one  of  the  plates  illus- 
trating Professor  Hull's  paper  on  the  (Geological  Age  of 
the  North  Atlantic  Ocean  in  the  Transactions  of  the  Eoyal 
Dublin  Society,  and  for  its  use  I  am  indebted  to  the 
kindness  of  Professor  Hull  and  the  Scientific  Committee 
of  that  Society. 

In  preparing  these  two  volumes  I  have  kept  my  object 
steadily  in  view,  viz.,  to  furnish  teachers  with  a  useful 
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class-book  of  Qeologj ;  accuracy,  a  proportional  treatment 
of  subjects,  and  a  clear  method  of  arrangement,  are  essen- 
tial to  the  usefulness  of  such  a  book,  and  I  hope  this  little 
treatise  will  be  found  to  possess  these  in  such  measure  as 
to  commend  it  to  the  favour  of  those  persons  for  whose 
use  it  is  meant. 

A.  J.  Jukes-Bbowne. 
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INTRODUCTION. 

SCOPK  of  the  Subject. — In  some  manuals  of  Geology 
this  branch  of  the  subject  is  called  StratigraphicaJ 
Greology,  because  it  chiefly  consists  in  the  description  of  the 
great  stratified  series  of  rocks  which  make  up  the  mass  of 
the  earth*  8  crust.  But  Stratigraphical  Geology  is  really 
only  the  foundation  upon  which  a  more  complete  history 
should  be  built  up:  Historical  Geology  should  comprise 
not  only  a  description  of  the  various  rocks  which  were 
formed  during  each  period  of  the  world's  history,  but  also 
some  account  of  the  forms  of  life  which  are  entombed  in 
these  rocks,  with  a  sketch  of  the  physical  geography  of  the 
earth  during  each  period,  and  a  notice  of  the  changes  in  the 
relative  position  of  land  and  sea  which  took  place  from  time 
to  time :  all  this  should  be  made  as  complete  as  the  imper- 
fection of  the  geological  documents  will  allow. 

In  brief.  Historical  Geology  should  gather  up  the  know- 
ledge acquired  in  all  the  other  departments  of  the  science, 
and  should  apply  it  to  the  elucidation  of  the  history  of  the 
earth,  or  of  a  portion  of  the  earth,  from  the  earliest  time  of 
which  any  records  exist  down  to  the  time  of  human  his- 
tory. 

At  present  there  are  only  a  few  limited  areas  of  the 
earth's  surface  about  which  we  have  anything  like  a  full 
stratigraphical  knowledge,  and  much  remains  to  be  learnt 
even  in  the  areas  about  which  we  know  most.  Historical 
Geology,  therefore,  is  yet  in  its  infancy ;  but  enough  is  now 
known  of  the  stratigraphical  geology  of  Europe  to  make  it 
possible  to  give  an  outline  of  its  geological  history,  and 
American  geologists  are  rapidly  making  it  possible  to  do 
tke  same  for  North  America.    61  this  volume,  however,  we 
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shall  not  travel  beyond  the  limits  of  the  British  Islands, 
except  where  our  own  records  are  deficient,  or  where  some 
knowledge  of  continental  geology  is  necessary  to  the  proper 
understanding  of  the  changes  that  took  place  in  Britain. 

The  Succession  of  Stratified  Rocks. — The  general 
principles  on  which  Historical  Geology  is  founded  are  easily 
understood,  and  the  manner  in  which  the  order  and  succes- 
sion of  rock-groups  is  established  will  now  be  briefly  ex- 
plained. The  mere  succession  of  strata  in  any  district  or 
country,  however,  is  one  thing,  and  the  grouping  of  such 
strata  into  larger  systems,  representing  definite  geological 
periods,  is  another  thing,  and  one  which  requires  considera- 
tion from  several  points  of  view.  A  subsequent  chapter, 
therefore,  will  be  devoted  to  a  discussion  of  the  principles 
upon  which  divisional  lines  may  be  drawn  in  any  esta- 
blished succession  of  rock-groups. 

The  two  principal  tests  by  which  the  relative  age  of  dif- 
ferent strata  is  determined  are — (1),  Superposition ;  (2), 
Fossil  contents. 

In  the  first  volume  of  this  work  (Part  IT.  Chapter  V.), 
the  conclusions  to  be  drawn  from  the  superposition  of 
strata  were  explained,  and  it  was  stated  that  the  law  of 
vertical  succession  formed  the  basis  upon  which  the  whole 
fabric  of  historical  geology  was  founded  : — "  In  any  succes- 
sion of  beds  each  one  represents  the  conditions  which  pre- 
vailed over  a  certain  area  for  a  certain  length  of  time,  the 
lowest  is  the  oldest,  the  uppermost  is  th^  newest,  and  the 
relative  age  of  the  others  is  indicated  l)y  their  relative 
position."  If  the  strata  are  inclined,  the  right  order  is 
ascertained  by  the  methods  indicated  in  Chapter  VLL.  of 
the  same  Part,  namely,  by  making  a  geological  survey  of 
the  district,  and  constructing  a  section  at  right  angles  to 
the  general  general  strike  of  the  beds. 

A^in,  by  tracing  any  one  set  of  strata  horizontally  along 
their  strike  from  one  part  of  a  district  to  another,  where 
perhaps  there  are  other  rocks  of  a  different  kind,  we  obtain 
a  datum  of  reference  by  which  to  determine  whether  the 
rocks  in  the  second  area  are  newer  or  older  than  those  in 
the  first. 

So  long  as  there  is  physical  and  geological  continuity  be- 
tween the  different  portions  of  a  district — i,e.,  so  long  as 
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some  one  member  of  a  comformable  ^eries  of  strata  can  be 
followed  continuously,  such  a  survey  generally  affords  suf- 
fident  data  for  ascertaining  the  relative  position  of  the 
rocks  which  occur  in  the  district,  and  for  constructing  a 
table  of  their  vertical  succession.  But  when  either  geogra- 
phical or  geological  continuity  is  interrupted — ^that,  is,  when 
a  district  or  country  is  separated  from  others  where  similar 
rocks  occur  either  by  the  sea  or  by  tracts  of  totally  different 
rocks — then  we  must  begin  all  over  again,  and  construct 
an  independent  table  of  strata  for  the  new  district.  For 
example,  Wales  is  a  district  to  all  parts  of  which  one  system 
of  classification  and  nomenclature  can  be  applied.  Similar 
groups  of  rocks  occur  in  Ireland  on  the  one  hand,  and  in 
Cumberland  on  the  other ;  but  Wales  is  physically  sepa- 
rated from  Ireland  by  the  Irish  Sea,  and  geologically  sepa- 
rated from  Cumberland  by  the  Triassic  plains  of  Cheshire 
and  Lancashire ;  hence  the  same  system  of  nomenclature 
could  not  be  used  in  the  other  districts,  the  vertical  succes- 
sion had  to  be  determined  independently,  and  local  names 
given  to  the  different  sub-divisions  in  each  district,  before 
fiiey  could  be  in  any  way  compared  with  one  another. 

But,  it  may  be  asked,  when  two  such  districts  have  been 
independently  investigated,  how  are  we  to  correlate  the  two 
tables  of  strata,  and  ascertain  which  rocks  or  rock-groups 
were  approximately  contemporaneous?  It  it  here  that 
a  knowledge  of  fossils  or  Palseontology  comes  to  our  aid, 
and  enables  us  U>  identify  rocks  by  their  fossil  contents, 
so  that  strata  in  different  districts  and  of  different  litho- 
logical  characters  may  be  included  in  the  same  natural 
group  or  system,  because  they  contain  the  same  or  closely 
similar  species  of  fossils.  This  was  the  principle  discovered 
and  applied  at  the  beginning  of  this  century  by  Dr. 
William  Smith,  who  is  often  called  the  Father  of  British 
Geology,  and  who  was  certainly  the  founder  of  that  branch 
of  the  science  which  is  the  subject  of  the  present  volume. 

There  are,  however,  certain  limitations  in  the  application 
of  palteontological  evidence  which  cannot  be  properly  ex- 
plained until  some  knowledge  of  the  laws  which  regulate 
the  distribution  of  species  in  present  and  past  time  has 
been  acquired.  To  this  subject  two  short  chapters  will  be 
devoted*  and  the  principles  upon  which  the  geological  series 
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is  divided  into  separate  systems  will  be  more  fully  ex- 
plained in  a  third  chapter:  but  meanwhile  the  idtimate 
results  are  given  below,  in  the  form  of  a  list  of  the  larger 
divisions  which  are  usually  accepted  as  systems. 

In  the  early  days  of  systematic  geology  the  systems  then 
known  were  arranged  under  three  comprehensive  sections, 
which  were  called  Primary,  Secondary,  and  Tertiary ;  and 
it  was  supposed  that  the  rocks  belonging  to  these  eras 
of  time  differed  essentially  in  their  original  nature  and 
mode  of  formation.  Subsequent  investigation  proved  this 
idea  to  be  an  error,  and  Prof.  Phillips  consequently  pro- 
posed another  set  of  names  for  the  eras  based  on  palseonto- 
logical  facts,  namely,  Palceozoic,  Mesozoic  and  Ccenozoic, 
signifying  respectively  times  of  ancient,  middle  and  recent 
life.  The  two  former  of  these  have  been  very  generally 
adopted,  but  Tertiary  is  still  preferred  to  Caenozoic,  and 
there  is  no  reason  now  why  its  correlatives.  Prinmry  and 
Secondary,  should  not  be  employed  as  time- words,  instead 
of  the  more  cumbrous  Palaeozoic  and  Mesozoic. 

Prof.  Forbes  thought  that  the  faunas  of  the  Secondary 
and  Tertiary  had  so  great  an  affinity  that  the  whole  succes- 
sion was  more  naturally  divisible  into  two  eras,  which  he 
termed  Palaeozoic  and  Neozoic :  possibly  this  plan  may  be 
eventually  adopted,  but  at  present  the  Primary,  Secondary 
and  Tertiary  (or  Palaeozoic,  Mesozoic  and  Caenozoic)  are 
accepted  as  convenient  divisions  of  geological  time.  It  is 
true  that  much  difference  of  opinion  exists  as  to  the  exact 
limit  of  Palaeozoic  life  and  time,  but  this  difficulty  may  be 
avoided  by  regarding  the  Dyas  as  a  transition  group 
between  the  two  eras. 

Since  these  terms  were  proposed,  however,  a  series  of 
stratified  rocks  have  been  discovered  below  those  which 
were  called  Primary  or  Palaeozoic,  and  for  these  several 
names  have  been  proposed ;  of  these  Archcean  is  the  best,  for 
the  others.  Azoic  and  Eozoic,  are  founded  on  the  respective 
assumptions  (1)  that  they  contain  no  organic  remains,  (2) 
that  they  contain  the  relics  of  the  first  dawn  of  life  in  the 
world.  If  life  is  ever  discovered  in  these  rocks,  it  will  pro- 
bably be  of  Palaeozoic  type,  but  the  Archaean  is  at  present 
excluded  from  the  Palaeozoic  era. 

In  the  following  list  the  newest  system  is  written  first. 
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and  the  oldest  last  to  indicate  that  the  chronology  is  deter- 
mined by  the  superposition  of  the  systems. 


Neozoic 


Eras. 


Tertiary  or 
Caenozoic 


Secondary  or 
Mesozoic. 


Primary  or 
Palaeozoic 


Azoic  ? 


Systems. 

Pleistocene.^ 

Pliocene. 

Miocene. 

Oligocene. 

Eocene. 

Cretaceous. 

Jurassic. 

Triassic. 

Dyassic. 

Carboniferous. 

Devonian. 

Silurian. 

Ordovician. 

Cambrian. 

Archaean. 


From  what  has  been  said  above,  it  is  obvious  that  some 
previous  knowledge  of  Physical  Geology  and  of  Palaeonto- 
logy  is  a  necessary  preparation  to  the  study  of  Historical 
Geology.  Some  account  of  the  former  has  been  given  in 
the  first  volume  of  this  work  ;  but  Palaeontology  is  a  sepa- 
rate science,  and  would  require  a  treatise  to  itself ;  so  that 
in  the  present  volume  space  can  only  be  found  for  the 
mention  of  certain  facts  and  considerations  regarding  the 
distribution  of  life  and  the  preservation  of  fossils  which 
have  a  special  bearing  on  the  history  and  classification  of 
rocks. 

'  Reasons  will  be  giyeo  in  Chapter  III.  for  reducing  the  number  of 
the  Tertiary  avstems  to  two,  but  the  divisions  here  given  are  those 
which  are  nstially  recognised  as  systems. 


1 


PART  IV. 

THE    LAWS  AND  APPLICATIONS  OP 

PAL-^ONTOLOGY. 

A  brief  Account  of  the  Principles  which  ihould  guide  us  in 
constructing  a  Chronological  Classification  of  tite 
Bocks  which  compose  the  earth's  crtut. 
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CHAPTER  I. 

OEOGBAPHICAL   DI8TBIBUTI0N    OF   LIFE. 

SINCE  organic  remainB  afEord  such  valuable  aid  in  the 
task  of  classifying  and  correlating  the  different  series 
of  rocks  which  occur  in  different  districts  and  countries,  it 
is  necessary  that  the  geological  student  should  become 
acquainted  with  the  nature  and  proper  use  of  paleeontolo- 
gical  evidence.  In  the  present  volume  we  are  obliged  to 
assume  that  the  reader  has  some  knowledge  of  Biology, 
both  recent  and  fossil,  to  the  extent  at  least  of  knowing  the 
appearance  and  general  structure  of  the  organisms  included 
in  the  different  classes  and  orders  into  which  the  animal 
and  vegetable  kingdoms  are  usually  divided.  We  proj)ose, 
however,  to  give  a  brief  sketch  of  the  laws  and  conditions 
which  regulate  the  distribution  of  modern  animals  and 
plants,  inasmuch  as  it  is  only  through  a  knowledge  of  these 
that  we  can  hope  to  understand  the  distribution  of  life  in 
past  times,  and  to  avoid  error  in  the  use  of  palseontological 
evidence. 

Distribution  of  Life  in  Climatal  Belts  and 
Stations. — Naturalists  who  made  careful  collections  of 
the  animals  and  plants  which  Ih^ed  in  any  area  either  of 
land  or  sea,  were  not  long  in  perceiving  that  different 
groups  of  species  inhabited  different  tracts  or  spaces,  and 
that  the  limits  of  their  distribution  depended  on  various 
conditions,  such  as  soil,  food,  temperature  and  depth  of 
water. 

Thus  on  land  the  range  of  plants  is  greatly  determined 
by  temperature  and  height  above  the  sea-level,  and  secon- 
darily by  the  nature  of  the  soil.     The  range  of  plant-eating 
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animals  depends  partly  on  temperature  and  partly  on  the 
presence  of  the  plants  they  feed  upon ;  that  of  carnivorous 
animals  is  similarly,  though  less  strictly  limited. 

In  the  sea,  among  those  creatures  which  live  on  the 
bottom,  we  find  similar  restrictions — the  conditions  of 
depth,  including  difference  of  temperature,  increase  of  pres- 
sure and  loss  of  light,  produce  a  corresponding  vertical  or 
zonal  arrangement,  some  species  being  only  found  near  the 
shore,  others  in  deeper  water,  and  others  again  in  the 
depths  of  the  ocean. 

The  climatal  variations  depending  on  height  above  sea- 
level  and  depth  below  it,  are  so  important  that  it  is  possible 
to  divide  all  space  both  above  and  below  the  sea-level  into 
tracts  or  belts,  each  being  characterised  by  certain  forms  of 
life,  both  animal  and  vegetable.  Thus  Meyen  recognized 
eight  vertical  botanical  belts  under  the  equator,  charac- 
terized as  follows : — 

Height  in  feet. 

Eegion  of  perpetual  snow,  without  plants.  16,200 

1.  Belt  of  Alpine  Plants        ....  14,170 

2.  Belt  of  Rhododendrons     ....  12.160 

3.  Belt  of  Pines 10,140 

4.  Belt  of  European  Dicotyledonous  Trees    .  8,100 

5.  Belt  of  Evergreen  Dicotyledonous  Trees    .  6,120 

6.  Belt  of  Myrtles  and  Laurels      .         .         .  4,050 

7.  Belt  of  Tree-ferns  and  Pigs      .         .         .  2.020 

8.  Belt  of  Palms  and  Bananas      ...  0 

Each  of  these  belts  descends  towards  the  level  of  the  sea 
to  the  north  and  south  of  the  equatorial  region,  and  forms 
a  zone  encircling  the  earth ;  but  the  absolute  width  of  these 
zones  is  variable,  owing  to  their  dependence  upon  isothermal 
lines.  I.e.,  lines  of  the  s^me  average  temperature,  rather 
than  on  lines  of  latitude. 

Similarly  Edward  Forbes  arranged  marine  life  in  nine 
"  homoiozoic  belts  "  (belts  of  similar  life),  bounded  in  the 
same  way  by  isotherms  on  either  side  of  the  equator.  He 
further  divided  all  seas  into  five  vertical  spaces  which  he 
called  zones,  thus : — 

1.  Littoral  zone,  the  space  between  high-  and  low- water 
mark. 
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2.  Circam-littorai  zone,  from  low-water  mark   to    15 

fathoms. 

3.  Median  zone,  from  15  to  about  50  fathoms. 

4.  Infra-median  zone,  from  50  to  about  100  fathoms. 

5.  Abyssal  zone,  from  100  to  the  greatest  depth  at  which 

life  is  found  (about  1,000  fathoms). 

B^des  these  zonal  divisions,  depending  on  climate  and 
depth,  there  is  also  a  distribution  of  sea-creatures  accord- 
ing to  the  nature  of. jQie  bpttojn,  whether  rockj,  sandy,  or 
muddy,  corresponding  in  a  manner  to  the«diff erence  of  soil 
T^nmnd,  but  having  a  more  marked  influence.  Thus  the 
assemblage  of  creatures  dredged  from  a  rocky  or  sandy 
bottom  wiU  differ  considerably  from  those  obtained  on  a 
muddy  bottom,  though  a  few  species  may  be  found  in  all 
three.  Even  whole  orders  of  animals,  such  as  the  reef- 
building  corals,  live  only  in  clear  water,  and  would  never 
therefore  be  found  where  sand  or  mud  was  being  de- 
posited. 

Confining  our  attention  to  the  Mollusca,  the  following 
lists  will  illustrate  what  has  been  stated  above ;  the  genera 
mentioned  under  each  head  are  those  which  prefer  to  live 
on  such  "  bottoms,"  though  some,  such  as  Tapes,  frequent 
both  rocky  and  sandy  bottoms. 


Bocky. 

Sandj. 

Muddy. 

Buccinum. 

Nassa. 

Corbula. 

Purpura. 

Natica. 

Lutraria. 

Litorina. 

CyprsRa. 

Mya. 

Patella. 

Turritella. 

Scrobicularia 

Area. 

Cardium. 

Yoldia. 

Tapes. 

Tellina, 

Dentalium. 

Venerupis. 

Donax. 

Saxicava. 

Mactra. 

Pholas. 

Solen. 

Distribution  of  Life  in  Provinces. — A  more  com- 
plete study  of  the  distribution  of  plants  and  animals 
throughout  the  world  has  shown  that  there, is  a  further 
limitation  of  certain  species  and  genera  to  certain  areas  or 
regions,  a  restriction  for  which  differences  of  climate,  food, 
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and  station  are  not  sufficient  to  account.  Contrast,  for  in- 
stance, the  productions  of  tropical  Africa  and  tropical 
America ;  and  though  there  is  a  certain  general  similarity 
between  them,  in  accordance  with  the  similarity  of  climate, 
yet  the  differences  are  so  great  that  it  is  clear  some  powerful 
influences  have  been  at  work  to  produce  the  results.  The 
same  conclusion  would  be  arrived  at  by  a  comparison  of 
the  plants  of  Europe  and  North  America,  which  are  very 
different,  though  closely  similar  soils  and  climates  may  be 
found  in  both  regions: 

The  various  forms  of  life  are,  in  fact,  so  distributed  over 
the  earth  that  its  surface  can  be  mapped  out  into  geogra- 
phical regions  or  provinces  to  which  certain  groups  of 
genera  are  confined.  The  boundaries  of  these  provinces 
are  sometimes  well-marked,  especially  where  any  strong 
natural  feature  exists  to  act  as  a  barrier,  and  prevent 
migration  from  one  area  to  another:  a  chain  of  lofty 
mountains,  a  wide  expanse  of  ocean,  or  an  isthmus  of  land 
separating  marine  provinces,  are  such  natural  barriers. 

The  study  of  modem  marine  life  is,  of  course,  most  useful 
to  the  geologist ;  but  space  would  not  allow  us  to  indicate 
the  distribution  of  the  several  classes  of  marine  animals, 
even  if  full  data  were  available,  and  it  must  therefore 
suffice  to  select  the  Mollusca  as  an  example. 

In  the  distribution  of  the  Mollusca,  17  marine  provinces, 
exclusive  of  the  Aralo-Caspian  area,  are  recognized  by  Dr. 
S.  P.  Woodward.     These  may  be  grouped  as  follows : — 

1.  Arctic  zone — the  Arctic  province. 

2.  Cold  Temperate  zone — the  Boreal,  Celtic  and  Aleutian 

provinces. 

3.  Warm   Temperate    zone — the   Lusitanian,    Transat- 

lantic,  Califomian  and  Japonic  provinces. 

4.  Tropical  zone — West  African,  Indo-Pacific,  Panamic 

and  Caribbean  provinces. 

5.  South  Temperate  zone — South  African,  Australian, 

Peruvian  and  Pata^onian  provinces. 

6.  Antarctic  zone — the  Magellanic  province. 

The  Arctic  province  includes  not  only  the  North  Polar 
seas,  but  the  Greenland  and  North  American  coasts  as  far 
as  Newfoundland. 
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The  Boreal  and  Celtic  provinces  include  the  coasts  on 
either  side  the  Atlantic  so  far  south  as  Massachusetts  and 
the  north  coast  of  France.  The  Aleutian  occupies  a  similar 
position  in  the  North  Pacific. 

The  Lusitanian  province  is  formed  by  the  shores  of  the 
Bay  of  Biscay,  Portugal,  N.  W.  Africa,  and  the  Mediter- 
ranean. The  Japonic  is  limited  to  the  Japanese  islands. 
The  Calif  omian  and  Transatlantic,  or  Pennsylvanian,  occupy 
opposite  coasts  of  the  American  continent. 

The  names  of  the  provinces  in  the  tropical  zone  speak 
for  themselves ;  as  do  also  those  of  the  South  Temperate 
rone,  the  Australian  including  that  part  of  Australia  lying 
south  of  the  tropics  and  New  Zealand. 

South  America  is  the  only  continent  which  extends  into 
the  Antarctic  zone  ;  and  the  Magellanic  province  includes 
Tierra  del  Fuego  and  part  of  the  coasts  of  Chili  and  Pata- 
gonia, together  with  the  Falkland  Islands. 

Very  few  genera  are  limited  to  any  one  of  these  pro- 
Tinces,  the  most  specialised  being  the  Australian  province 
to  which  no  less  than  eight  genera  are  confined.  A  few 
genera  are  specially  characteristic  of  high  latitudes,  such 
as  Chrysodomus,  Ad/mete,  TrichotropiSf  Yoldiaf  Cyprina,  Gly^ 
eimeri8.  Some  are  found  only  in  temperate  climes,  but 
occur  both  north  and  south  of  the  equator,  as  FissureUa, 
HcUiotis,  Terebrattdina,  Trophon,  Pandora,  Panopcea.  Others 
are  essentially  tropical  as  Contis,  Harpa,  Oliva^Voluta,  Mitra, 
Cyprcea,  ColumheUa,  Spondylus,  Plicatula,  Pema,  Tridacna 
and  CrassateUa,  There  are  manv  curious  cases  of  extended 
distribution :  thus  MUra,  which  has  its  home  in  the  Indo- 
Pacific  provinces,  has  one  species  on  the  west  coast  of 
Africa,  several  in  the  Lusitanian  province,  and  one  in 
Greenland.  Voluta,  though  generally  tropical,  has  several 
species  at  the  extremity  of  South  America. 

Some  Inferences  from  the  foregoing  facts. — A 
study  of  th6  modem  distribution  of  life,  whether  in  the  sea 
or  on  the  land,  shows  us  that  the  provinces  primarily  de- 
pend on  climate,  and  exhibit  a  tendency  to  arrange  them- 
selves in  broad  belts  between  the  equator  and  the  poles. 
This  arrangement,  however,  has  evidently  been  interfered 
with  by  the  disposition  of  the  continents,  and  the  limits  of 
the  provinces  are  further  narrowed  or  extended  according 
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to  the  union  of  the  aeas  and  continents.  The  spread  of  ter- 
restrial life  must  depend  ou  the  present  or  past  continuity 
of  lands,  and  especially  on  the  connections  in  an  east  and 
west  direction :  the  spread  of  marine  life  will  depend  on 
the  extension  of  coast  lines  in  the  same  direction. 
■  The  truth  of  the  above  remarks  is  well  exemplified  by 
considering  the  marine  provinces  on  the  western  coasts  of 
the  Old  and  New  Worlds  respectively.  Along  the  west 
coast  of  the  New  World  we  have  the  simplest  possible 
arrangement  of  life  regions,  namely,  a  linear  succession  of 
provinces  along  a  north  and  south  coast  line,  and  depend- 
ing entirely  on  differences  of. climate.  These  provinces 
are  (1)  Aleutian,  (2)  Califomian,  (3)  Panamic,  (4)  Peru- 
vian, (5)  Magellanic.  The  narrow  isthmus  of  Panama 
prevents  the  union  of  the  Panamic  and  Caribbean  faunas 
which  lie  on  either  side  of  it ;  and  if  the  coast  of  South 
America  did  not  extend  so  far  south,  the  Magellanic  pro- 
vince would  not  exist,  and  the  Peruvian  would  blend  into 
the  Fatagonian. 

Now  let  us  turn  to  the  Old  World  with  its  broken  coast- 
line: here  the  corresponding  provinces  are  (1)  Celtic,  (2) 
Lusitanian,  (3)  West  African,  (4),  South  African,  (5)  (un- 
represented). The  latitudinal  extent  of  these  areas  is  very 
different  from  the  American  provinces ;  instead  of  being 
limited  by  a  north  and  south  coast  line,  the  Celtic  jirovince 
spreads  round  England  and  eastward  across  the  I^orth  Sea, 
the  Lusitanian  fauna  likewise  passes  through  the  Straits  of 
G-ibraltar  and  stretches  eastward  as  far  as  the  Mediterra- 
nean Sea  allows  it.  The  West  African  is  niore  limited,  but 
the  South  African  occupies  eastern  as  well  as  western  coasts. 

It  will  be  instructive  next  to  consider  what  important 
effects  on  the  distribution  of  life  would  be  produced  by 
some  very  slight  changes  in  the  geography  of  the  world. 
Let  us  first  suppose  the  isthmus  of  Panama  and  the 
southern  extremity  of  South  America  to  be  submei^ed,  and 
mark  what  would  follow; — the  Panamic  and  Caribbean 
provinces  would  no  longer  be  separated :  the  Magellanic 
would  disappear  as  a  coast  province  (though  some  of  the 
species  would  probably  reroam  on  the  colder  sea-bottoms), 
and  the  Peruvian  and  Patagonian  would  be  mei^ed  into  a 
province  comparable  with  the  South  African. 


CHAP  I.]  DISTJtIBUTION   OP   LIFE.  16 

On  the  other  hand,  if  in  the  Old  World  we  imagine  Eng- 
land united  to  France,  an  isthmus  of  land  raised  across  the 
Straits  of  Gibraltar  and  the  extremity  of  Africa  prolonged 
southwards,  we  should  then  have  an  arrangement  of  life- 
provinces  precisely  like  that  which  we  now  find  along  the 
west  coast  of  Ajn erica.  The  Celtic  province  would  be 
limited  to  the  west  coasts  of  Britain  and  France,  and  the 
fauna  of  the  North  Sea  would  probably  become  more  dis- 
tinctly Boreal,  the  Lusitanian  area  would  be  similarly  re- 
strict^, the  Mediterranean  becoming  an  inland  sea,  and 
its  fauna  being  gradually  differentiated  from  the  Lusitanian ; 
finally  the  prolonged  extremity  of  Africa  would  become  an 
Antarctic  province  comparable  to  the  Magellanic,  and 
would  separate  the  eastern  and  western  shores  of  south- 
temperate  Africa,  thus  causing  the  development  of  two 
new  provinces  like  the  Peruvian  and  Patagonian  of  South 
America. 

The  above  is  not  a  mere  wanton  exercise  of  the  imagina- 
tion, for  we  know  that  similar  geographical  changes  have 
taken  pl|Lce  in  past  times,  and  that  such  curtailments  and 
enlargements  of  life-provinces  must  have  occurred  in  con- 
sequence. We  can  even  trace  the  operation  of  some  such 
changes  during  the  later  periods  of  geological  history. 
For  instance,  we  have  not  to  travel  very  far  back  in  tinie 
before  we  come  to  a  period  when  England  was  united  to 
the  Continent,  and  was  then  inhabited  by  many  large 
mammalia  which  have  since  become  extinct.  Again, 
evidence  has  recently  been  obtained  which  tends  to  show 
that  in  early  Pliocene  times  the  east  and  west  coasts  of 
England  did  belong  to  different  life-provinces,  in  conse- 
quence of  the  union  of  England  with  the  Continent,  very 
few  of  the  species  being  common  to  the  deposits  in  Corn- 
wall and  Suffolk. 

The  farther  we  go  back  in  geological  time  the  greater 
differences  do  we  perceive  in  the  distribution  of  the  faunas, 
and  the  greater  difficidty  do  we  find  in  determining  the 
limits  of  the  life- provinces  ;  but  in  comparing  the  fossils 
of  the  different  members  of  the  Tertiary  and  Secondary 
formations,  we  must  bear  in  mind  that  such  provinces  did 
undoubtedly  exist,  and  that  in  tracing  the  rocks  from  one 
district  to  another,  we  may  at  any  time  pass  from  the  area 


16 


PALiEONTOLOGT. 


[PABT  IV. 


of  one  province  into  that  of  another.  When  we  reach  the 
Primary  rocks  there  is  some  doubt  as  to  the  existence  of 
very  definite  life-provinces,  which  seem  at  any  rate  to  have 
been  fewer,  and  consequently  more  extensive  than  those  of 
later  periods. 

The  wide  range  of  certain  Palseozoic  species  suggests 
that  there  was  a  time  when  the  same  marine  fauna  ranged 
over  the  whole  world,  and  that  it  was  only  as  time  went  on 
that  genera  became  limited  to  certain  portions  of  the 
earth's  surface,  the  modem  life-provinces  being  the  out- 
come of  local  differentiation,  and  of  the  circumstances 
which  have  retarded  or  accelerated  the  progress  of  develop- 
ment from  time  to  time. 
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CHAPTER  n. 

THE    OBIGIN   AND    SUCCESSION    OF    SPECIES. 

SPECIFIC  and  Generic  Centres.— The  provinces 
'  mentioned  in  the  last  chapter  are  founded  upon  the 
geographical  limitation  of  families  and  groups  of  genera ; 
but  single  genera  and  species  likewise  have  their  limita- 
tions, some  having  a  wide  range  within  the  province,  others 
being  confined  to  very  small  areas. 

The  facts  point  unmistakably  to  the  conclusion  that 
both  species  and  genera  have  originated  at  certain  locali- 
ties or  centres,  and  have  from  thence  spread  in  all  direc- 
tions as  far  as  physical  conditions  permitted.  This  con- 
clusion was  reached  long  before  the  publication  of  Darwin's 
**  Origin  of  Species,"  and  is  entirely  independent  of  the 
facts  adduced  in  support  of  Evolution.  Edward  Forbes 
strongly  insisted  on  it,  and  pointed  out  that  genera  had 
centres  where  their  species  were  abundant  and  flourishing, 
just  as  species  had  centres  where  their  individuals  were 
most  numerous,  and  that  in  receding  from  these  centres 
the  individuals  in  the  one  case,  and  the  species  in  the  other, 
diminish  in  number  and  vigour  till  at  certain  limits  they 
cease  to  exist. 

The  significance  of  theses  facts,  however,  is  greatly  in- 
creased by  the  acceptance  of  the  view  urged  by  Darwin  and 
Wallace,  that  species  are  not  fixed  creations,  but  highly 
alterable  forms,  derived  one  from  another  under  the  in- 
fluence of  external  conditions.  From  the  known  facts,  that 
Tariations  are  constantly  appearing  among  the  offspring  of 
known  species,  and  that  under  favourable  conditions  some 
of  the  variations  may  be  perpetuated,  they  conclude  that 
the  continual   **  struggle  for  life  "  results  in  a  "  natural 
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selection  "  of  the  types  most  fitted  to  maintain  themselves : 
hence  by  a  "  survival  of  the  fittest "  varieties  may  become 
species,  and  species  by  limitation  may  become  genera. 
"  Thus,"  says  Dr.  A.  Geikie,^  "  the  present  varied  life  of 
the  globe  may  be  explained  by  the  accumulation,  perpetua- 
tion, and  increase  of  differences  in  the  evolution  of  plants 
and  animals  during  the  whole  of  geological  time.  Hence 
the  geological  record  should  contain  a  more  or  less  full 
chronicle  of  the  progress  of  this  long  history  of  develop- 
ment." 

Imperfection  of  the  Geological  Record. — That  the 
truth  of  Dr.  Darwin's  theory  of  the  origin  of  species  can- 
not at  once  be  proved,  and  the  complete  genealogy  of  mo- 
dern genera  be  constructed  from  the  records  of  the  past,  is 
due  to  the  imperfection  of  that  very  geological  record 
which  would  otherwise  contain  the  obvious  proof  or  refuta- 
tion of  the  hypothesis.  This  imperfection  results  from  two 
causes,  (1)  the  conditions  which  limit  the  entombment  and 
preservation  of  organic  remains,  (2)  the  frequent  erosion 
and  destruction  of  the  deposits  in  which  they  have  been 
buried. 

1.  Conditions  of  Entombment. — If  we  consider  the  manner 
in  which  deposits  are  now  taking  place  ("  Physical  Geology," 
Part  I.,  Chapters  IX.-Xll.),  we  shall  see  that  the  preserva- 
tion of  organic  remains  in  these  deposits  is  likely  to  be  an 
exceptional  and  accidental  occurrence.  It  is  not  an  unin- 
terrupted process  likely  to  ensure  the  conservation  of  speci- 
mens of  the  greater  number  of  plants  and  animals  living 
at  any  one  time,  but  is,  on  the  contrary,  so  discontinuous 
that  only  a  small  proportion  of  any  fauna  or  flora  would 
be  entiombed  in  such  a  way  as  to  be  permanently  preserved, 
either  in  terrestrial  or  marine  deposits. 

On  land,  generations  of  aiJimals  may  die  and  moulder 
away,  shells,  bones,  and  all,  without  any  remains  being 
transported  to  places  where  deposits  are  accumulating.  Of 
the  larger  animals  a  few  are  occasionally  buried  in  bogs  or 
drowned  in  lakes  and  rivers,  and  still  fewer  are  carried 
down  by  rivers  to  the  sea.  The  animals  which  live  in  fresh 
water,  and  the  leaves  of  plants,  stand  a  better  chance  of 

'  "  Text  Book  of  Geology,"  first  edition,  p.  624. 
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preservation  in  those  parts  of  the  country  where  lacustrine 
and  fluviatile  deposits  are  being  formed ;  but  these  purely 
freshwater  beds  occupy  but  small  areas,  and  are  particu- 
larly liable  to  subsequent  destruction  ;  so  that  as  a  rule  our 
knowledge  of  the  terrestrial  and  fluviatile  fauna  of  any 
period  is  derived  from  the  specimens  which  were  carried 
down  the  streams  during  floods,  and  were  buried  in  the 
estuarine  deposits  at  the  mouths  of  large  rivers. 

The  creatures  which  inhabit  the  sea  have  a  much  better 
chance  of  being  preserved  as  fossils,  since  deposits  of  one 
kind  or  another  are  constantly  being  formed  over  large 
areas  of  the  sea-bottom,  especially  where  subsidence  is  in 
progress.  Yet  even  among  marine  forms  of  life  there  are 
many  which  would  only  rarely  be  entombed :  those  animals, 
for  instance,  which  live  on  rocky  shores  and  in  clear  water 
would  not  be  preserved  except  where  deposits  of  limestone 
were  in  process  of  formation.  The  majority  of  the  crea- 
tures embedded  would  be  those  which  lived  on  sandy  and 
muddy  bottoms,  together  with  some  of  the  free-swimming 
forms  which  moved  through  the  water  above. 

Lastly,  of  the  creatures  so  embedded  only  a  small  propor- 
tion would  ultimately  remain ;  those,  namely,  which  pos- 
sessed hard  structures  capable  of  fossilization  after  the 
softer  parts  had  decayed  and  disappeared.  The  following 
table  shows  at  a  glance  which  kinds  of  animals,  out  of  all 
those  which  live  in  the  sea,  would  be  likely  to  leave  me- 
morials behind  them  and  which  would  perish  without 
leaving  any  trace  of  their  existence. 


Classes. 

Protozoa. 


Hydrozoa. 


Groups  with  stable  structures. 
Foraminifera. 
Radiolaria. 
Spongida. ' 
Sertularida. 

Graptolites. 

Some  Zoantharia. 
Some  Alcyonaria. 


Perishable  groups. 


Actinozoa. 

Echinodermata.    All  orders. 


Hydroida  (except 

Sertularida). 
Siphonophora. 
Discophora. 
Zoantharia  (some). 
Alcyonaria  (some). 
Ctenophora. 
None. 
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Classes. 

Scolecida. 

Annelida. 

Arthropoda. 
MoUuscoida. 


Perishable  groups. 

All  orders: 


Mollusca. 


Ascidians. 
Pisces. 


Groups  with  stable  structures. 
None. 
Tubicola,   and  the 

homy    jaws    of 

other  orders. 
All  Crustacea. 
Polyzoa. 
Brachiopoda. 
Lamellibranchiata. 
Gasteropoda     (al-     Nudibranchiata. 


} 


Few   traces   ex- 
cept of  Tubicola. 

None. 


most  all). 
Pteropoda. 
Cephalopoda. 
None. 


All  orders. 


Teeth,   bones  and     None, 
scales. 


The  proportion  of  those  remains  which  would  otherwise  be 
preserved  is  further  diminished  by  the  subsequent  destruc- 
tion of  some  of  them  owing  to  the  percolation  of  water 
through  sandy  deposits;  the  embedded  calcareous  struc- 
tures being  often  completely  dissolved  and  removed,  though 
it  sometimes  happens  that  the  calcite  is  replaced  by  silica 
or  some  other  mineral,  and  the  form  of  the  structure  is 
then  equally  well  preserved. 

From  all  these  causes  it  results  that  the  assemblages  of 
fossils  which  are  preserved  in  the  rocks  include  only  a 
small  proportion  of  the  total  number  of  species  which  must 
actually  have  lived  during  the  periods  represented  by  the 
different  systems  of  strata.  Thus  we  know  that  several 
orders  of  insects  were  in  existence  as  early  as  the  Carboni- 
ferous Period,  yet  the  remains  of  insects  are  among  the 
rarest  of  fossils,  and  only  occur  at  a  few  distant  horizons 
throughout  the  subsequent  series  of  rocks. 

2.  Absence  and  Destruction  of  FossUiferotLs  Deposits, — 
There  is  another  set  of  causes  equally  potent  in  rendering 
the  geological  record  a  very  imperfect  one.  Continental  land 
has  existed  from  the  earliest  times,  and  in  its  neighbour- 
hood land  and  sea  have  constantly  been  changing  places; 
in  other  words,  areas  of  deposition  have  again  and  again 
become  areas  of  non-deposition,  for  the  formation  of  marine 
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deposits  must  necessavilj  cease  when  any  tract  of  the  sea 
bottom  is  raised  into  land.  Over  such  spaces,  therefore, 
no  records  of  contemporary  marine  life  could  possibly  be 
preserved,  and  when  parts  of  such  land  came  at  last  to  be 
submerged  again,  so  that  the  rocks  of  which  they  consisted 
were  covered  up  by  new  deposits,  the  interval  between  the 
older  and  newer  strata  must  represent  a  gap  in  the  history 
of  the  marine  life,  great  in  proportion  to  the  length  of  time 
during  which  the  area  existed  as  land.  It  is  true  that  in- 
tervening deposits  may  have  been  formed  elsewhere,  but 
the  fact  remains  that  over  that  particular  space  the  record 
is  imperfect — geographical  changes  may  have  taken  place, 
involving  the  extinction  of  some  species  and  genera,  the 
migration  of  others,  the  introduction  of  fresh  species  into 
the  surrounding  seas,  and  perhaps  the  development  of 
many  new  varieties  and  species  along  the  coast  lines. 

Thus  to  anyone  who  for  the  first  time  examined  and 
compared  the  contents  of  the  beds  above  and  below  the 
plane  of  such  a  break  or  unconformity  in  the  succession  of 
rocks,  and  who  was  unacquainted  with  the  principles  here 
laid  down,  it  might  well  seem  that  he  had  proof  of  some 
great  convulsion,  involving  the  total  and  sudden  destruc- 
tion  of  the  older  nuies  of  animals,  and  paving  the  way  for 
the  creation  of  an  entirely  new  assemblage  of  beings.  But 
we  can  now  see  that  the  changes  were  the  result  of  a  natural 
and  gradual  succession  of  events,  and  that  the  sudden 
change  from  one  set  of  rocks  to  another  is  only  an  instance 
of  the  imperfection  of  our  record. 

Again,  when  any  tract  is  raised  into  land,  there  is  not 
only  an  absence  of  deposition,  but  there  commences  an 
actual  destruction  of  the  records  previously  accumulated. 
In  the  first  place,  as  the  rising  land  passes  through  the 
plane  of  the  sea-level,  it  is  exposed  to  the  erosion  of  the 
waves,  and  if  the  latest  deposits  are  not  of  any  great  thick- 
ness, and  the  process  of  elevation  is  not  very  rapid,  the 
probability  is  that  only  small  portions  will  escape  destruc- 
tion. These  portions  will  remain  for  a  time  as  plains, 
marsh  lands,  and  raised  beaches ;  but  as  elevation  con- 
tinues, they  will  be  brought  gradually  under  the  influence 
of  atmospheric  agencies,  and  exposed  to  continual  wear 
and  tear  so  long  as  they  remain  above  the  sea. 


C\ 


22  PAL-BONTOLOOY.  [PABT  IV. 

It  follows,  therefore,  that  only  deposits  of  considerable 
thickness  will  survive  the  attacks  of  destructive  agencies, 
and  remain  to  form  a  permanent  part  of  the  earth's  crust, 
but  thick  deposits  cannot  be  accumulated  in  shallow  seas, 
which  are  the  most  favourahle  to  life,  so  long  as  the  sea-bed 
remains  stationary  or  is  being  elevated.  Thick  formations 
can  only  be  accumulated  in  areas  where  constant  subsi- 
dence  has  been  in  progress,  or  where  the  shore  originally 
shelved  rapidly  into  deep  water,  as  off  the  coast  of  the 
Riviera.  In  the  latter  case,  the  sediment  will  be  rapidly 
accumulated,  and  will  not  contain  so  many  or  such  varied 
forms  of  life ;  but  under  the  former  conditions,  if  the 
supply  of  sediment  was  sufficient  to  keep  the  sea  shallow 
and  to  embed  the  organic  remains,  a  formation  rich  in 
fossils,  and  thick  enough,  when  upraised,  to  resist  erosion, 
would  be  formed.  We  must,  therefore,  conclude  with 
Darwin,  "  that  nearly  all  our  ancient  formations,  which 
are  throughout  the  greater  part  of  their  thickness  rich  in 
fossils,  have  thus  been  formed  during  subsidence."  ^  He 
adds, "  Since  publishing  my  views  on  this  subject  in  1845, 
I  have  watched  the  progress  of  Geology,  and  have  been 
surprised  to  note  how  author  after  author,  in  treating  of 
this  or  that  great  formation,  has  come  to  the  conclusion 
that  it  was  accumulated  during  subsidence." 

The  Succession  of  Life-forms. — This  conclusion 
that  most  of  our  great  fossil -bearing  formations  have 
been  deposited  during  subsidence  has  a  very  important 
bearing  on  the  question  before  us,  viz.,  whether  the  rocks 
are  likely  to  contain  the  remains  of  an  uninterrupted  suc- 
cession of  species,  or  whether  the  record  is  more  or  less  in- 
complete. I  do  not  hesitate  to  quote  some  further  instruc- 
tive remarks  from  Darwin's  celebrated  treatise : — 

"  During  periods  of  elevation  the  area  of  the  land  and 
of  the  adjoining  shoal  parts  of  the  sea  will  be  increased, 
and  new  stations  will  often  be  formed — all  circumstances 
favourable,  as  previously  explained,  for  the  formation  of 
new  varieties  and  species ;  but  during  such  periods  there 
will  generally  be  a  blank  in  the  geological  record.  'On  the 
other   hand,  during  subsidence,  the  inhabited   area   and 

^  **  Origin  of  Species,'*  sixth  edition,  p,  273. 
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number  of  inhabitants  will  decrease  (excepting  on  the 
shores  of  a  continent  when  first  broken  up  into  an  archi- 
pelago), and  consequently  during  subsidence,  though  there 
will  be  much  extinction,  few  new  varieties  or  species  will 
te  formed  ;  and  it  is  during  these  very  periods  of  sub- 
sidence  that  the  deposits  which  are  richest  in  fossils  haye 
been  accumulated."  * 

"  li,  then,  there  be  some  degree  of  truth  in  these  re- 
marks, we  have  no  right  to  expect  to  find  in  our  geological 
formations  an  infinite  ntunber  of  those  fine  transitional 
forms,  which  on  our  theory  have  connected  all  the  past 
and  present  species  of  the  same  group  into  one  long  and 
branching  chain  of  life.  We  ought  only  to  look  for  a  few 
links,  and  such  assuredly  we  do  find."  ^ 

Again,  after  mentioning  the  two  facts,  (1)  that  the 
assemblage  of  fossils  found  in  any  formation  has  a 
general  character  intermediate  between  the  assemblages 
above  and  below  ;  and  (2)  that  the  fossils  from  two  con- 
secutive formations  are  far  more  closely  related  to  each 
other  than  the  fossils  from  two  more  remote  formations ; 
be  observes  :  * — **  On  the  theory  of  descent,  the  full  mean- 
ing of  the  fossil  remains  from  closely  consecutive  forma- 
tions being  closely  related,  though  ranked  as  distinct 
species,  is  obvioUs.  .  .  .  We  ought  not  to  expect  to  find  in 
wiy  one,  or  in  any  two,  formations  all  the  intermediate 
varieties  between  the  species  which  occurred  at  the  com- 
mencement and  the  close  of  those  formations ;  but  we 
ought  to  find,  after  intervals  very  long  as  measured  by 
years,  but  only  moderately  long  as  measured  geologically, 
closely  allied  forms,  or,  as  they  have  been  called  by  some 
authors,  representative  species ;  and  these  assuredly  we  do 
find.  We  find,  in  short,  such  evidence  of  the  slow  and 
scarcely  sensible  mutations  of  specific  forms  as  we  have 
the  right  to  expect." 

In  spite,  therefore,  of  the  imperfection  of  the  record,  the 
known  succession  of  life-forms  does  give  very  great  sup- 
port to  the  theory  of  Evolution.  Every  succeeding  fossil 
assemblage  contains  not  only  a  larger  number  and  greater 
variety  of  forms,  but  also  some  which  are  distinctly  more 

'  Op.  cit.,  p.  275.  2  Op.  cit.,  p.  282.  '  Op.  cit.,  p.  307. 
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specialized  and  more  advanced  in  organization.  It  is  an 
acknowledged  fact  that  many  of  the  more  ancient  forms 
of  life  were  what  are  termed  "  comprehensive  types,"  i.e., 
types  which  present  structural  resemblances  to  two  or  more 
different  orders,  or  classes  of  creatures,  which  are  now  com- 
pletely differentiated  from  each  other.  In  many  cases  also 
ancient  animals  resemble  in  some  respects  the  embryos  of 
the  more  recent  animals  belonging  to  the  same  classes. 

Beyond  all  this  there  can  be  traced  a  distinct  and  de- 
cided progress  in  the  types  of  life  as  we  ascend  the  geolo- 
gical scale.  It  is  true  that  in  the  earliest  fauna  yet  known 
we  start  with  a  number  of  more  or  less  specialized  inver- 
tebrate types,  but  the  more  highly  organized  orders  of 
Gusteropods,  Cephalopods,  Crustacea,  and  Echinoderms 
do  not  appear  till  later  periods  ;  Fish  are  not  known  earlier 
than  Silurian  times ;  Amphibia  commence  in  the  Carboni- 
ferous ;  Reptiles  in  the  Dyas  and  Trias ;  Birds  in  the 
Jurassic ;  Marsupial  Mammals  in  the  Trias  ;  other  orders 
date  from  the  Eocene  only.  The  following  tables  present 
these  facts  in  a  more  detailed  form  : — 

RANGB  OF  CCELENTERATA,  ECHINODERMATA,  AND 

CRUSTACEA. 


Actinozoa. 

Rugosa     . 

Tabulata  . 

Tubulosa  . 

Perforata 

Aporosa   . 

Alcjonaria 
Hydrozoa. 

Graptolitidae 

Sertularidae  . 

Milleporidae  . 

Seriatoporidae 
EchiDodermata. 

Edrioasteridea 

Cystoidea 

Blastoidea     . 
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EchiDodermata. 

Crinuidea .     . 

Asteroidea 

Opbiuroidca . 

Echinoidea    . 
Periachoechiaidae 
NcoechiDidae  . 
Crustacea. 

Trilobita  .     .     . 

Merostomata 

Phjllopoda 

Ostracoda 

Isopoda 

Amphipoda 
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It  is  interesting  to  note  that  the  Pteropods,  which  ap- 
peared before  the  Gkisteropods,  are  really  permanent  repre- 
sentatives of  the  larval  stage  of  the  latter.  The  apparent 
absence  of  Pteropods  from  the  Chalk  is  difficult  to  under- 
stand. 

Of  the  siphonate  Lamellibranchs,  only  three  families, 
Cardiadce,  Cyprinidce,  and  Anatinidce,  occur  in  the  Palee- 
ozoic  era,  no  representatives  of  the  other  twelve  families 
being  known  below  the  Jurassic  strata. 
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CHAPTEE  m. 

THE    COBBBI.ATION   AND   CLASSIFICATION    OF    BOCKS 
ON    PALiBONTOLOGICAL   PBINCIPLE8. 

A  1[  J'E  are  now  in  a  position  to  indicate  some  of  the  limi- 
VV  tations  referred  to  on  p.  3,  as  regards  the  use  of 
fossils  in  correlating  the  rocks  of  separate  districts  or 
countries,  and  to  discuss  the  comparative  value  of  palseonto- 
logical  and  stratigraphical  evidence  as  principles  of  classifi- 
cation. 

Synchronism  and  Homotaxis. — It  was  stated  in 
Chapter  I.  that  when  two  districts  are  physically  separated 
from  one  another  we  have  to  rely  entirely  on  community  of 
fossils  in  comparing  the  rocks  of  the  one  with  those  of  the 
other ;  and  if  the  rocks  so  compared  were  deposited  origi- 
nally within  the  limits  of  the  same  life-province,  the  groups 
which  contain  similar  assemblages  of  species  may  safely  be 
regarded  as  contemporaneous. 

It  is  true  that  when  we  are  dealing  with  a  group  of 
stratified  rocks,  made  up  partly  of  limestones  and  partly  of 
shales  and  sandstones,  we  ^d  that  the  assemblage  of 
fossils  in  the  limestones  is  different  from  that  in  the  shales, 
and  the  fossils  in  the  latter  are  different  from  those  in  the 
sandy  sediments,  because  different  creatures  would  live  on 
the  sea-bottoms  where  such  different  deposits  were  being 
laid  down.  Consequently,  it  might  be  thought  that  if  a 
formation  consisted  in  one  district  entirely  of  shale  or 
limestone,  and  in  another  entirely  of  sandstone,  the  two 
sets  of  strata  would  contain  such  different  assemblages  of 
fossils  that  they  might,  on  this  principle,  be  regarded  as 
belonging  to  two  different  systems,  while  in  reality  they 
were  as  nearly  as  possible  contemporaneous.     But,  as  a 
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matter  of  fact,  it  is  seldom  that  a  natural  group  of  rocks 
consists  so  entirely  of  one  kind  of  sediment ;  the  probability 
is  that  some  beds  of  shale  would  be  found  in  both  districts, 
and  that  these  shales,  by  their  community  of  fossils,  would 
establish  the  synchronism  of  the  rocks  with  which  they 
were  associated.  Moreover,  there  are  frequently  a  few 
species  which  are  not  so  restricted  in  habitat,  but  occur 
both  in  the  shaly  and  sandy  sediments  alike,  having  a 
wide  range  both  in  space  and  time;  and  such  forms  greatly 
assist  in  the  work  of  correlation. 

To  take  an  example,  no  one  would  hesitate  to  correlate 
the  members  of  the  Ordovician  and  Silurian  systems  in 
North  Wales  and  the  Lake  District  by  means  of  the  fossils 
they  contain,  because  there  is  every  reason  to  suppose  that 
the  two  districts  formed  part  of  the  same  province  during 
those  periods.  Similarly  the  members  of  the  Lower  Creta- 
ceous series  in  the  Isle  of  Wight  and  in  the  Weald  may  be 
correlated  with  some  degree  of  exactitude ;  but  the  same 
group  of  beds  in  Lincolnshire  contains  such  a  different  set 
of  fossils  that  it  obviously  belonged  to  a  different  life- 
province,  and  it  is  impossible  to  indicate  the  exact  equiva- 
lents of  the  several  members  of  the  southern  series. 

Again,  when  we  come  to  compare  districts  at  a  still 
greater  distance  from  one  another — as,  for  instance,  Wales 
and  Bohemia,  Sussex  and  the  South  of  France,  or  England 
generally  with  North  America — we  find  that  there  is  cer- 
tainly a  general  resemblance  in  the  vertical  succession  of 
faunas  which  have  flourished  in  the  respective  areas,  i.e., 
the  rock -series  in  each  country  can  be  divided  into  groups, 
which  are  characterized  by  the  presence  of  the  same  or 
closely  allied  genera ;  but  the  species  are  different,  and  it 
would  \}e  a  mistake  to  conclude  that  formations  containing 
assemblages  of  the  same  genera  in  countries  so  far  apart 
were  contemporaneous  in  the  same  sense  as  the  members 
of  the  Silurian  series  in  Wales  and  Cumberland  are  contem- 
poraneous. 

A  group  of  species  originating  in  one  locality,  and 
spreading  along  the  coasts  of  a  continent,  would  take  a 
long  time  to  travel  from  Europe  to  America,  even  if  there 
were  continuous  coast  lines.  Sometimes  their  progress 
would  be  arrested  for  a  time,  until  physical  or  geographical 
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changes  allowed  them  to  advance;  at  other  times  they 
would  make  their  way  by  accommodating  themselves  to 
varying  conditions,  and  by  throwing  out  collateral  varieties. 
Kie  date  of  their  first  appearance  in  one  part  of  the  world 
would  be  very  much  in  advance  of  their  arrival  in  the 
other ;  so  that  the  fact  of  two  distant  formations  contain- 
ing fossils  of  closely  allied  species  can  be  no  proof  of  their 
being  really  contemporaneous. 

Again,  a  portion  of  a  Hfe-province  may  be  isolated  from 
the  remainder  by  the  submergence  or  upheaval  of  land ; 
and  while  the  old  fauna  might  remain  with  little  change 
in  the  portion  so  isolated,  rapid  changes  might  take  place 
in  the  other  parts  of  the  area,  resulting  in  the  development 
of  a  ver}'  different  fauna.   Such  occurrences  have,  no  doubt, 
often  happened  in  past  times,  and  have  caused  the  rapidity 
of  evolution  to  vary  greatly  in  different  parts  of  the  world. 
The  Australian  life  of  the  present  day,  for  instance,  espe- 
cially the  terrestrial  life,  has  a  character  similar  to  that 
which  prevailed  in  Europe  and  Asia  during  the  Jurassic 
period ;  and  it  is  probable  that  none  of  the  European  Ter- 
tiary animals  ever  found  their  way  into  the  Australian 
region.      Again,  the  faima  of  the  modem  Atlantic  ooze 
recalls,  in  many  respects,  that  of  the  European  Chalk; 
and  it  is  not  unlikely  that  some  of  the  deep-sea  forms 
are  direct  descendants  of  the  Cretaceous  species ;    these 
creatures  having  survived  in  the  Atlantic  while  they  were 
displaced  from  the  European  area  by  the  upheaval  of  the 
continent  at  the  close  of  the  Cretaceous  period.     These 
facts  must  be  remembered  when  the   rocks  of   distant 
countries  are  correlated  by  the  fossils  which  they  contain. 
It  is  certain,  however,  that  in  every  part  of  the  world  the 
geological  sequence  discloses  the  same  general  succession 
of  life-forms.     The  progress  of   development  may  have 
been  retarded  here  and  accelerated  there ;  but  the  succes- 
sive fossil  assemblages  are  similar  to  one  another,  and  the 
order  in  which  they  occur  is  the  same  all  over  the  world. 
We  never  find  a  Carboniferous  fauna  antedating  a  Silurian 
or  Devonian  fauna,  though  we  may  find  the  first  succeed- 
ing the  second  without  the  presence  of  the  intermediate 
Devonian  assemblage.     This  common  order  of  succession 
has  been  termed  Homotaxis,  and  the  Silurian  system  of 
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Britain  is  spoken  of  as  homotcLonal  with  the  Silurian  of 
America ;  even  the  larger  subdivisions  of  the  one  may  be 
paralleled  with  those  of  the  other,  as  homotaxial  equivalents 
or  representatives,  so  that  we  may  speak  of  Valentian 
rocks  in  both  countries,  understanding  by  this  that  the 
groups  are  homotaxial  equivalents,  and  not  absolutely 
coeval  formations. 

To  sum  up  the  preceding  observations,  the  occurrence  of 
the  same  assemblage  of  species  at  different  localities  may 
be  taken  as  evidence  that  the  beds  containing  them  are  of 
the  same  age,  and  belong  to  one  and  the  same  formation. 
Again,  a  knowledge  of  the  general  succession  of  generic 
forms  enables  us  to  fix  the  relative  age  of  any  set  of  fossils, 
and,  consequently,  the  homotaxial  position  of  the  beds 
containing  them.     In  other  words : 

1.  Assemblages,  having  many  species  in  common,  may 

be  regarded  as  contemporaneous. 

2.  Assemblages,  having  many  genera  in  common,  may 

be  regarded  as  homotaxial  equivalents. 

Palaeontological  Zones. — The  first  of  the  above  pro- 
positions admits  of  very  minute  application  in  the  case  of 
certain  Neozoic  formations,  where  the  conditions  controlling 
the  evolution  and  distribution  of  life  appear  to  have 
changed  more  rapidly  than  the  physical  conditions  affect- 
ing the  lithological  constitution  of  the  deposits.  So  quickly 
is  one  group  of  species  succeeded  by  another  that  palseon- 
tological  divisions  may  be  made  in  a  thick  formation  of 
clay  or  limestone,  in  which  there  is  little  variation  of  litho- 
logical character.  These  divisions  are  called  zones,  and 
they  can  sometimes  be  traced  over  a  large  district,  but  of 
course  they  will  not  extend  beyond  the  limits  of  the 
marine  area  or  province  in  which  the  particular  formation 
was  deposited.  It  is  customary  to  designate  zones  by  the 
name  of  some  prevalent  and  characteristic  fossil,  which  is 
selected  for  its  index,  as,  for  instance,  the  zone  of  Ammo- 
nites planorhis. 

Establishment  of  Geological  Systems. — ^A  system 
may  be  defined  as  a  consecutive  series  of  strata  deposited 
during  the  continuance  of  a  certain  set  of  generic  forms  in 
any  given  part  of  the  world.     As  a  rule,  this  also  implies 
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the  continuance  of  certain  geographical  conditions,  during 
which  the  physical  changes  were  not  very  great  or  extensive. 
Such  conditions  are  found  in  the  gradual  subsidence  of  any 
area,  and  consequently  some  have  defined  a  system  as  the 
series  of  deposits  formed  during  one  complete  oscillation  of 
any  region  of  the  earth's  crust,  the  oscillation  comprising  a 
downward  and  an  upward  movement,  so  that  every  system 
should  begin  with  shore  deposits  and  be  terminated  by  a 
plane  of  unconformity.  It  will  presently  be  seen,  how- 
ever, that  such  a  definition  cannot  be  accepted. 

The  number  of  systems  into  which  the  geological  series 
should  be  divided,  and  the  place  of  the  divisional  lines 
which  separate  them,  are  points  requiring  some  considera- 
tion, because  they  involve  certain  principles  of  classifica- 
tion. These  lines  are  often  drawn  where  natural  breaks 
occur  in  the  sequence  of  the  strata,  indicating  the  lapse  of 
some  length  of  time,  and  the  occurrence  of  some  consider- 
able changes  in  physical  geography.  For  the  existence  of 
such  breaks  two  kinds  of  evidence  are  admitted — (1) 
Palaeontological,  (2)  Stratigi*aphical. 

1.  Pal<Bontolog%cal  Evidence, — ^A  sudden  change  of  fauna 
in  passing  upward  from  one  formation  to  another  is  often 
regarded  as  indicating  a  period  of  non-deposition,  and 
therefore  a  greater  or  less  break  in  the  succession;  but 
unless  this  coincides  with  a  physical  break  or  unconformity, 
the  mere  fact  of  such  a  change  does  not  necessarily  prove 
any  great  lapse  of  time.  The  change  may  be  caused  in 
several  ways,  either  by  rapid  depression,  by  a  sudden  immi- 
gration of  new  forms,  or  by  elevation  with  or  without  con- 
tinuous deposition. 

It  is  conceivable,  for  instance,  that  rapid  depression, 
causing  a  considerable  increase  in  the  depth  of  the  water, 
and  removing  the  area  farther  away  from  the  coast  line, 
would  produce  what  has  been  termed  a  palsBontological 
break  in  a  comparatively  short  period  of  time,  and  without 
any  discontinuity  of  deposit.  The  beds  below  a  certain 
plane  would  embed  the  remains  of  a  shore  fauna,  while 
those  above  it  would  contain  a  deep-water  assemblage, 
which  might  be  very  different  even  if  the  deposits  were  of 
similar  lithological  character.  Depression,  by  the  submer- 
gence of  barriers,  may  also  cause  much  more  extensive 
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clianges ;  we  have  only  to  consider  what  would  result  from 
the  submergence  of  certain  existent  isthmuses,  such  as 
those  of  Panama  and  Suez,  to  realize  what  must  have  re- 
peatedly happened  in  the  past.  The  balance  of  life  in  both 
provinces  would  be  altogether  disturbed  and  upset,  result- 
ing in  the  extinction  of  some  forms,  the  inter-migration  of 
others,  and  the  development  of  some  new  varieties  and 
species. 

Moreover,  an  alteration  in  the  physical  geography  of  one 
area  may  indirectly,  but  very  greatly,  affect  the  climate  and 
life  of  another  distant  area :  thus,  if  the  isthmus  of  Panama 
were  now  to  be  submerged,  the  Gulf -stream  would  pro- 
bably be  diverted  from  its  present  course,  and  the  result 
would  be  an  immediate  refrigeration  of  the  British  climate 
and  a  consequent  immigration  of  Boreal  and  Arctic  species 
into  the  Celtic  province.  Conversely,  if  after  some  length  of 
time  the  barrier  were  again  upraised,  and  the  warm  current 
again  deflected  into  its  present  course,  the  climate  would  be 
ameliorated,  Bpreal  forms  would  disappear,  and  a  more 
southern  assemblage  would  once  more  occupy  the  area. 

Elevation  of  the  sea-bottom  will  produce  similar  direct 
changes  to  those  caused  by  depression ;  a  deep  sea  area, 
where  deposition  has  been  very  slow,  may  by  elevation  be 
brought  nearer  to  a  coast  line,  and  beds  containing  a  deep- 
sea  fauna  may  be  succeeded  immediately  by  others  more 
rapidly  accumulated,  and  embedding  a  shallow  water 
assemblage.  The  change  of  life  in  such  a  case  would  be 
great,  but  the  lapse  of  time  would  not  be  correspondingly 
long. 

If,  however,  elevation  is  continued  till  the  area  is  raised 
above  the  sea-level,  and  remains  for  a  time  as  a  land  sur- 
face, then  a  plane  of  erosion  will  be  formed,  and  the  change 
of  fauna  will  be  accompanied  by  stratigraphical  discon- 
tinuity. The  break  then  may  be  very  considerable,  but  it 
may  or  may  not  coincide  with  the  epoch  of  change  from  one 
fauna  to  another  in  an  adjacent  area  of  subsidence. 

The  evidence  of  paleeontological  breaks  must  therefore 
be  used  cautiously ;  no  one,  for  instance,  would  think  of 
regarding  the  Lower  and  Middle  divisions  of  the  Chalk  as 
belonging  to  two  different  formations  separated  by  a  great 
interval  of  time,  yet  the  palaeontological  break  between 
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them  is  considerable,  for  out  of  102  species  collected  in  the 
Lower  Chalk  of  France,  and  83  species  from  the  Middle 
Chalk,  only  15  are  yet  known  to  pass  from  one  to  the 
other. 

Notwithstanding  this,  it  is  true  that  the  continuity  of 
deposition  may  outlast  the  duration  of  a'  certain  faima ; 
and  it  may  become  necessary  to  draw  a  line  between  two 
faunas  of  systematic  importance  in  the  midst  of  a  qon- 
formable  series  of  strata ;  in  such  a  case  it  will  natiirally 
be  drawn  where  the  greatest  palseontological  break  occurs. 
In  other  words,  a  life-assemblage,  characteristic  of  one 
period  in  the  world's  history,  may  continue  to  inhabit  any 
area  until  such  changes  occur  as  to  cause  the  introduction 
of  an  assemblage  which  has  been  gradually  developed  out- 
side that  area,  and  these  changes  may  take  plaice  with 
or  without  interruption  of  deposition  in  that  particular 
area. 

2.  Stratigraphical  Evidence. — The  nature  of  stratigra- 
phical  breaks  or  unconformities  was  explained  in  the  first 
volume  (Part  U.,  Ch.  IX.),  and  in  the  present  connection  we 
have  to  deal  only  with  their  relative  importance  and  value 
in  classification.  The  most  complete  and  satisfactory 
measure  of  any  unconformity  is  the  thickness  of  strata 
which  were  deposited  in  other  areas  during  the  time  repre- 
sented by  the  gap  between  the  two  uncoiiSormable  forma- 
tions. 

It  is  not  every  unconformity  which  is  of  sufficient  impor- 
tance to  form  a  plane  of  division  between  two  systems. 
Thus  there  is  unconformity  between  the  Banter  and 
Keuper  divisions  of  the  Triassic  system,  and  there  is  an 
unconformity  between  the  Inferior  Oolite  and  the  Great 
Oolite  series  in  Lincolnshire;  but  in  each  case  the  beds 
above  and  below  the  break  are  included  in  the  same  svstem 
on  palseontological  grounds,  and  the  thickness  of  the  beds 
which  are  elsewhere  intercalated  between  representatives  of 
each  group  is  not  very  great. 

A  break  which  is  represented  elsewhere  by  several  thou- 
sand feet  of  rock,  implies  the  lapse  of  a  considerable  period, 
and  being  always  accompanied  by  a  great  change  in  the 
fossils,  might  be  taken  as  a  line  of  division  between  two 
systems.     But  if  systems  were  to  be  rigidly  limited  by 
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physical  unconformities,  and  defined  as  a  series  of  beds 
formed  during  a  complete  oscillation  of  downward  and 
upward  movement,  the  classification  of  the  rocks  in  one 
area  will  break  down  when  applied  to  those  of  other  dis- 
tricts, because  the  gaps  will  occur  at  different  horizons  in 
different  areas/  Thus  in  Britain  alone  three  different 
classifications  at  least  would  be  required  for  the  Primary 

rocks,  as  the  following  columns  will  show,  a being 

taken  to  mean  a  break  or  unconformity. 


Wftlei. 

Carboniferous. 
Upper  O.R.S. 
Middle  O.R.S. 
Lower  O.K.S. 
Silurian. 


Scotland. 

Carboniferous. 
Upper  O.R.S. 


Ireland. 

Carbon  iferous. 
Upper  O.R.S. 


Ordovician. 
Cambrian. 


Lower  O.R.S. 
Silurian. 

Ordovician. 


Lower  O.R.S. 
Silurian. 


Ordovician. 


Cambrian. 


Cambrian. 


Thus,  if  we  adopted  the  arrangement  warranted  by  the 
stratigraphical  breaks  which  occur  in  Wales,  we  should 
have  two  separate  systems,  and  two  only,  for  there  is  a 
general  conformity  between  the  Cambrian  and  Ordovician, 
and  from  the  Silurian  to  the  Carboniferous.  In  Scotland, 
however,  there  are  two  breaks,  one  between  the  Cambrian 
and  Ordovician,  and  another  between  the  two  members  of 
the  Old  Eed  Sandstone,  so  that  we  should  be  obliged  to  re- 
cognize three  separate  systems.  Again,  when,  if  we  pass 
into  Ireland,  we  find  no  less  than  three  breaks  in  different 
parts  of  the  country,  which  would  involve  a  further  re- 
modelling of  the  classification,  we  are,  in  fact,  reduced 
to  the  necessity ' of  falling  back  on  palseontological  evidence, 
which  forces  us  to  acknowledge  the  existence  of  five  sepa- 
rate systems,  the  Old  Red  Sandstones  being  equivalent  to 
the  Devonian. 

As  in  this  case,  so  also  in  others,  a  classification  founded 
on  physical  breaks  may  be  conveniently  used  for  a  limited 
district,  and  until  further  knowledge  is  acquired ;  but  the 
breaks  in  the  succession  are  certain  to  be  filled  up  else- 
where by  transitional  beds,  and  as  these  may  be  of  syste- 
matic value,  we  must  always  be  prepared  for  the  possible 
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intercalation  of  another  system  between  any  two  groups 
that  are  divided  by  a  decided  unconformity. 

In  brief,  it  must  be  admitted  that  unconformities  are 
geological  accidents,  and  if  our  classification  and  nomencla- 
ture are  to  be  applicable  to  any  large  section  of  the  earth's 
crust,  they  must  be  based,  not  on  stratigVaphical,  but  on 
palseontological  facts.  The  Ordovician,  Devonian,  and 
Jurassic  are  systems  so  established ;  and,  iil  process  of 
time,  as  our  knowledge  becomes  more  and  more  complete, 
it  is  probable  that  the  number  of  systems  will  be  finally 
determined  in  the  same  manner.  They  will  always  be  more 
or  less  arbitrary  divisions,  since  it  will  be  difficult  to  say 
what  number  of  peculiar  genera  would  entitle  a  series  of 
beds  to  the  rank  of  a  system ;  but  a  general  agreement  will 
doubtleiss  be  reached  in  time.  Meanwhile  the  student  will 
do  well  to  regard  our  present  classification  as  provisional, 
and  to  remember  that,  though  divisional  lines  must  be 
drawn  somewhere,  passage  beds  and  transition  groups  are 
of  frequent  occurrence  in  nature. 

He  must  also  be  prepared  to  find  that  systems  founded 
on  the  differences  in  successive  faunas  will  not  include  any- 
thing like  equal  thicknesses  of  rock.  If,  as  appears  most 
probable,  the  differentiation  of  species  and  the  development 
of  higher  forms  has  progressed  in  a  coi^stantly  increasing 
ratio,  it  is  clear  that  the  time- value  of  systems  based  on 
such  changes  will  become  less  and  less  as  we  approach 
modem  times.  It  is  certainly  a  fact  that  the  same  forms 
of  life  extend  through  a  much  greater  thickness  of  rock  in 
the  earlier  than  in  later  geological  times  ;  and  there  is  no 
reason  for  supposing  that  the  production  of  rocks  went  on 
more  rapidly  (at  any  rate  during  later  Palaeozoic  periods) 
than  at  the  present  time ;  limestones  must  always  have 
been  of  slow  and  gradual  growth,  and  yet  the  persistence 
of  species  through  the  Carboniferous  Limestone  series  is 
truly  remarkable,  while  the  limestones  of  the  Jurassic  and 
Cretaceous  periods,  though  of  far  less  thickness,  are  divi- 
sible into  numerous  paleeontological  zones  or  belts,  each 
having  many  species  which  do  not  appear  in  the  next.  The 
changes  in  the  forms  of  life  inhabiting  aQy  marine  area 
being  thus  more  rapid  in  later  geological  times,  an  equal 
amount  of  change  would  naturally  be  accomplished  in  less 
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time,  and  consequently,  if  systems  are  to  be  measured  by 
palseontological  difference,  the  newer  systems  must  include 
less  thicknesses  of  rock. 

But  even  when  allowance  is  made  for  this,  it  is  impos- 
sible to  regard  the  divisions  of  Tertiary  time  introduced  by 
Sir  Ch.  Lyell  and  given  on  p.  5  as  being  of  the  same  re- 
lative importance  as  the  systems  of  older  date  with  which 
they  are  usually  ranked.  Even  the  Eocene,  as  understood 
by  Lyell,  was  not  of  the  same  palseontological  value  as 
Cretaceous  or  Silurian,  while  the  Miocene  and  Pliocene  are 
still  less  entitled  to  rank  with  such  systems.  The  author 
has  elsewhere  ^  suggested  that  the  Eocene  and  Oligocene 
should  be  united  and  ranked  as  a  system  of  the  first  order 
under  the  name  of  Hantonian,  from  their  typical  develop- 
ment in  Hants  and  the  Isle  of  Wight ;  the  older  names 
being,  of  course,  retained  for  two  subdivisions  of  rank 
equal  to  that  of  the  Bunter  and  Keuper  divisions  of  the 
Trias. 

The  Miocene,  Pliocene,  and  Pleistocene  will  naturally  fall 
into  a  second  system  for  which  the  name  of  Icenian  may 
be  employed,  as  the  British  tribe  of  Iceni  inhabited  the 
eastern  districts  where  the  typical  deposits  of  the  two  latter 
groups  occur  in  Britain.^  The  Miocene  is  there  absent, 
but  may  be  included  in  the  same  system  or  ranked  as  a 
transition  group. 

Systems  are  divided  into  sections  or  formations,  which 
are  usually  denominated  as  Upper,  Middle,  and  Lower, 
unless  any  special  names  have  been  proposed  for  them. 
These  sections  are  again  divided  into  stages  or  groups,  to 
which  local  names  are  generally  given,  and  these  again  into 
sub-groups,  which  are  often  divisible  into  zones. 

The  following  is  a  tabular  view  of  the  systems,  twelve 
in  number,  which  will  be  adopted  in  this  volume,  together 
with  their  subdivisions  of  the  first  and  second  order. 

^  See  "  Geol.  Mag.,"  Dec.  3,  vol.  ii.  p.  293,  from  which  some  of  the 
above  is  reproduced. 

'  The  name  Icenian  was  proposed  by  S.  P.  Woodward,  in  his  "  Manual 
of  the  Mollusca"  (1851),  as  a  synonym  for  the  Pliocene. 
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8TSTSM9. 


ICENIAN. 


HANTONIAN. 


CRETACEOUS. 


JURASSIC. 


TRUSSIC. 


?  t-H  jvl 


Pbimaet  DiTisioira. 

Plbistocsnb. 

Fliogbkb. 
Miocene. 

Oliqocbkb. 

EOCBNB. 

Upfbb. 

LOWEB. 

Uppeb. 

MiDDLB. 
LoWEB. 

Keufbb. 
muschelkjllk. 

BniTTEB. 

Dtab. 


Oboups  or  Staobs. 


'Eeoent  deposits.     Raised 
beaches  and  Valley  gra- 
vels.   Glacial  deposits. 
^  Forest  Bed,  Norwicn  Crag, 
Bed    Crag,  and  White 
Crag. 
None  in  Britain. 
Upper(wanting  in  Britain). 
Miadle,    Hempstead    and 
"j      Bembridge  Beds. 
I  Lower,  Heaidon  Beds. 
^Bagshot  and  Barton  beds. 
London  Clay. 
Lower  London  Tertiaries. 


(  Upper. 


Chalk  A  Middle. 
(^  Lower. 
Upper     Greensand     and 
Gault. 

iVectian  or  Lower  Green - 
sand. 
Wealden  and  Neocomian. 
Furbeck  and  Portland  beds. 
Kimmeridge  Claj. 
Corallian  and  Oxford  Claj. 
i  Great  Oolite  series. 
Inferior  Oolite  series. 
Upper  Lias. 
Marlstone  and  Sands. 
(  Lower  Lias  and  Rhaetic  ? 

!  Marls,     Sandstones,    and 
Conglomerate. 
Absent  in  Britain. 
'Upper  Sandstone. 
-  Pebble  Beds. 

Lower  Sandstone, 
f  Magnesian  Limestone  and 
J      St.  Bees  Sandstone. 
I  Marl   Slates  and   Penrith 
\^     Sandstone. 


/ 


/ 
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BTSTKMa. 


carbon- 
iferous; 


DEVONIAN. 


SILURIAN. 


ORDOVICIAN. 


CAMBRIAN. 


Lower. 
ARCIIiEAN,  OR,  PRE-CAMBRIAN. 


Prijiart  Ditisionb. 


Uppeb. 

Lower. 

Upper. 

Middle. 

Lower. 

Clunian. 

Salopian. 
Valemtian. 

Upper. 

Middle. 
Lower. 

»  Upper. 


Groups  or  Stages. 


Coal-measures 


Upper. 

Middle. 

Lower. 


Millstone  Grit. 
Carboniferous     Limestone 

Series  or  Bernician. 
Tuedian    and    Calciferous 

Series. 
Pickwell  Down  and  Pether- 

win  Beds. 
Murcehoe  Slates  and  Ufra- 

combe  Beds. 
Hangman  Grits  and  Lyn- 

ton  Beds. 

(Tilestones    and    Down  ton 
Sandstone. 
U.  Ludlow  and  A^mestry 
Limestone. 
r  Lower  Ludlow.     Wenlock 
J      Limestone,    Shale,   and 
(     Woolhijpe  Limestone. 
(  Tarannon  Shales. 
■i  May  Hill  Sandstone. 
(^  Lower  Llandovery. 
f  Himant    Beds.       Ashgill 
Shales. 
Bala  and  Coniston  Lime- 
stones. 
Slates  and  Sandstones. 
'Flags  with  0.  Buchii, 
Shales  with  As.  tyrannus, 
^  Llanvirn  series. 
Arenig,  Upper  and  Lower. 
'  Tremadoc  slates. 
Lin-    C  Dolgelly  group, 
gula  -   Ffestiniog  group, 
flags    1^  Maentwrog  group. 
'  Menevian      (Upper      and 

Lower). 
Harlech  group  (Upper  and 
Lower. 


Nomenclature. — There  is  little  difficulty  about  the 
names  of  the  smaller  rock-groups,  such  as  chiefly  consist  of 
one  kind  of  sediment,  and  are  more  or  less  local  in  their 
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occurrence.  These  are  usually  named  after  the  place  where 
they  were  first  studied,  or  where  they  can  be  best  examined 
in  good  natural  sections; — thus  we  have  the  Wenlock 
Limestone,  Coniston  Grits,  Bradford  Clay,  Tremadoc  Slate, 
<fec. :  others  are  named  from  the  prevalence  of  some  par- 
ticular fossil,  as  Lingvla  Flags,  Cardita  Beds,  Nummulite 
Limestone,  and  the  numerous  zones  or  bands  of  rock  which 
are  characterized  by  the  presence  of  some  particular  species, 
such  as  the  Ammonite  zones  in  the  Lias:  other  names 
again  are  lithological  terms,  as  the  Guult,  the  Cornbrash, 
the  Marlstone,  the  Millstone  Grit ;  each  of  these  being 
named  from  the  particular  kind  of  rock  composing  the  for- 
mation, and  being  that  rock  par  excellence  in  the  district 
where  it  occurs,  although  elsewhere  there  may  be  other 
marlstones  and  other  grits  from  which  millstones  could  be 
made. 

When  we  deal  with  larger  groups  of  strata  there  is  more 
difficulty  and  more  need  of  explanation.  Such  names  as 
Old  Eed  Sandstone,  Carboniferous,  and  Cretaceous  are  used 
in  a  far  wider  sense  than  their  mere  lithological  significa- 
tion. These  names  were  originally  given  to  certain  British 
formations,  in  which  the  most  conspicuous  elements  were 
respectively  red  sandstone,  beds  of  coal,  and  chalk ;  but 
they  have  since  acquired  a  chronological  meaning,  and  are 
used  as  systematic  names  for  the  periods  of  time  during 
which  the  rocks  were  formed.  Some  of  them  have  also 
been  adopted  in  other  countries  for  rock-groups,  which 
occupy  the  same  relative  place  in  the  geological  succession. 

The  Cretaceous  system  then  includes,  not  only  the  Chalk 
and  its  associated  beds  in  the  west  of  Europe,  but  all  the 
rocks  which  were  formed  during  the  same  period  of  the 
earth's  history.  Elsewhere,  therefore,  as  in  North  America, 
the  system  may  consist  of  sandstones,  shales,  and  coal- 
seams,  without  a  bed  of  real  chalk  in  it. 

So  the  Carboniferous  system  means  that  system  of  strata 
of  which  the  British  Coal  Measures  form  an  integral  part, 
but  which  includes  several  other  rock-groups,  all  united  by 
a  community  of  fossils.  It  is  these  fossils,  and  not  the 
occurrence  of  coal-seams,  which  are  the  criterion  of  the  so- 
called  Carl>oniferous  period,  for,  as  above  mentioned,  in 
America  there  are  coals  of  Cretaceous  age.     In  the  same 
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way,  when  we  speak  of  the  Carboniferous  Limestone  series, 
we  do  not  mean  a  group  which  everywhere  consists  of  lime- 
stone, but  one  to  which  the  great  Carboniferous  Limestone 
belongs ;  when  traced  northward  through  England,  this 
limestone  is  found  to  split  up  into  separate  beds,  which 
finally  become  subordinate  to  thick  masses  of  sandstone 
and  shale. 

The  Old  Eed  Sandstone  is  a  particularly  awkward  and 
unsatisfactory  name  for  an  important  group  of  rocks.  It 
is  supposed  to  be  the  freshwater  or  estuarine  equivalent 
of  the  Devonian,  and  was  originally  applied  to  a  series 
in  which  red  sandstones  predominated,  and  was  called 
old  because  it  lay  beneath  the  Carboniferous  rocks,  above 
which  came  another  group  of  similar  red  sandstones. 
The  latter  were  formerly  termed  New  Red  Sandstone, 
but  this  name  has  been  superseded  by  a  less  cumbrous 
nomenclature,  and  it  is  to  be  hoped  that  "Old  Red 
Sandstone "  also  will  soon  be  replaced  by  a  better 
name.  As  Mr.  Jukes  observed  more  than  twenty  years 
ago,*  "it  is  avowedly  a  provisional  designation,  just 
exactly  as  the  names  of  all  the  great  groups  of  stratified 
rocks  are  provisional.  They  are  temporary  names  adopted 
for  present  purposes,  and  have  grown  into  use,  and  will 
continue  to  be  used  until  they  are  superseded  by  more 
appropriate  terms,  which  increasing  knowledge  only  can 
show  to  be  more  appropriate." 

In  many  respects  those  names  which  have  a  geographical 
or  historical  origin  are  the  most  satisfactory — names  taken 
from  those  of  towns,  rivers,  mountain  ranges,  provinces,  or 
the  ancient  races  which  inhabited  such  provinces ;  as 
Neocomian  (from  the  Roman  name  of  Neuchatel),  Jurassic 
(from  the  Jura  range),  Wealden  (from  the  Weald),  Cam- 
brian (from  the  Roman  name  of  North  Wales),  Silurian 
(from  the  tribe  of  the  Silures).  These  will  probably  re- 
main as  permanent  names  for  the  groups  and  systems' to 
which  they  are  api)lied. 


1  t( 
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PART  V. 
HISTORICAL   GEOLOGY. 

Bemg  a  Historical  Account  of  the  Rock^grov/ps  which  com- 

pose  the  Crust  of  the  Earth  beneath  the  British  Islands, 

their  Fossil  Contents,  and  the  Conditions  under 

which  they  were  formed. 


CHAPTEE  I. 
Azoic  Era — Abch^an  ob  Pbb-Cambkian  Systems. 

THK  geological  history  of  Britain  opens  with  a  chapter 
the  pages  of  which  are  so  tattered,  blurred,  and  de- 
faced by  the  ravages  of  Time,  that  their  characters  are  hardly 
decipherable,  and  the  record  is  differently  interpreted  by 
different  experts.  Moreover,  to  continue  the  simile,  this 
chapter  is  incomplete  both  at  the  beginning  and  at  the 
end,  so  that  we  know  not  how  many  pages  preceded  those 
we  possess,  or  how  many  succeeding  pages  have  been  torn 
out  and  destroyed ;  for  the  pages  of  our  history  are  not 
numbered.  We  only  know  that  some  are  wanting,  and 
that  there  is  a  gap,  unfilled  as  yet  by  the  history  of  any 
other  country,  between  this  first  dim  and  ancient  record 
and  the  better  preserved  chapters  which  succeed  it. 

•In  more  scientific  and  matter-of-fact  language,  there 
are  certain  parts  of  the  British  Isles  where  the  Cambrian 
rocks  to  be  described  in  the  next  chapter  rest  on  a  still 
older  series  of  rocks.  Most  of  these  Pre-Cambrian  rocks 
are  crystalline  and  foliated — gneisses  and  schists;  some 
however  are  clearly  of  sedimentary  origin — quartzites, 
conglomerates,  and  limestones,  while  others  are  as  dis- 
tinctly of  volcanic  origin — lavas,  ashes,  and  agglomerates. 
An,  however,  are  now  everywhere  more  or  less  meta- 
morphosed. For  these  ancient  rocks  Dana's  name  of 
Archaean  is  now  very  generally  adopted ;  but  as  we  are  only 
beginning  to  know  something  about  them,  and  as  the 
two  series  are  everywhere  separated  by  a  marked  uncon- 
formity, the  simple  name  of  Pre-Cambrian  is  often  used 
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as  a  convenient  designation,  until  they  have  been  more 
thoroughly  investigated. 

With  the  exception  of  a  very  doubtful  organism,  which 
has  been  named  Eozooriy  no  fossils  have  been  found  in  this 
Pre-Cambrian  series,  so  that  it  is  regarded  by  some  as 
having  been  formed  at  a  period  anterior  to  the  introduc- 
tion of  life  on  the  globe  (the  Azoic  era).  Not  only  is  the 
evidence  of  organic  remains  wanting,  but  the  evidences 
drawn  from  their  order  of  superposition  are  matters  of 
controversy.  Some  authorities,  like  Dr.  Sterry  Hunt  and 
Dr.  H.  ELicks,  hold  that  the  chief  Archsean  rock-groups, 
crystalline  as  well  as  clastic,  have  a  recognizable  sequence 
in  time.  Others,  like  Lehman,  Lapworth,  Peach,  and 
Home,  hold  that  the  planes  of  foliation  in  gneisses  and 
schists  "  are  not  planes  of  deposition,  but  planes  of  shear- 
ing and  cleavage,"  *  and  that,  as  a  consequence,  the  or- 
dinary rules  of  superposition  when  applied  to  foliated  rocks 
afford  no  certain  clue  to  their  relative  antiquity.  A  conse- 
quence of  this  is,  that  there  are  no  means  of  correlat- 
ing the  Archsean  rocks  of  one  area  with  those  of  another, 
and  as  Dr.  A.  G^eikie  remarks,^  **it  must  be  conceded 
that  these  rocks  may  have  originated  at  many  widely 
separated  periods  of  early  geological  time,  but  that  as  yet 
no  means  have  been  devised  of  establishing  any  generally 
applicable  tests  of  their  relative  antiquity." 

Stratigraphy, 

It  is  only  in  a  few  isolated  districts  that  these  Archaean 
rocks  rise  up  from  beneath  those  which  are  known  to  be  of 
Cambrian  age,  but  there  are  some  other  localities  where 
metamorphic  rocks  occur  which  from  their  lithological 
similarity  are  believed  to  be  also  Pre-Cambrian. 

The  principal  areas  of  Archaean  rock  in  Britain  are  the 
following : — Scotland  (Hebrides  and  north-west  coast)  ; 
Wales  (Pembroke,  Carnarvon,  and  Anglesey)  ;  Shropshire 
(the  Wrekin  area)  ;  the  Malvern  Hills ;  Chamwood  Forest ; 
the  Lizard  peninsula;    and   county  Donegal  in  Ireland. 

•  Lapworth,  "  Geol.  Mag.,"  1885,  p.  106. 

«  "  Text-Book  of  Geology,"  first  edition,  p.  637. 
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Some  account  of  these  will  be  given  in  the  above  order, 
commencing  with  Scotland,  because  their  existence  was 
first  established  in  that  country,  where  they  occupy  a 
larger  area  than  in  any  other  part  of  Britain,  and  their 
structure  can  be  studied  in  the  fine  cliff  sections  along  the 
coast. 

1.  Scotland. 

The  whole  of  the  Outer  Hebrides  (Lewis,  Ac.)  and  the 
western  parts  of  Sutherland  and  Ross  consist  of  Archaean 
rocks.  Their  age  and  position  was  first  established  by  Sir 
R.  Murchison,  who  described  them  under  the  name  of 
"Fundamental  or  Lewisian  Gneiss,"  pointing  out  that 
they  had  a  definite  strike  from  N.N.W.  to  S.S.E.,  and  that 
they  were  overlain  unconformably  by  the  fossiliferous 
Palaeozoic  rocks. 

The  general  characters  of  this  gneissic  group  are  thus 
described  by  Dr.  A.  Geikie ;  ^  "  They  consist  of  a  tough 
massive  gneiss,  usually  homblendic,  with  bands  of  horn- 
blende schist,  actinolite  schist,  eclogite,  mica- schist,  seri- 
dte-schist,  and  other  crystalline  rocks.  In  two  or  three 
places  they  enclose  bands  of  limestone,  but  neither  in  these 
nor  in  any  other  parts  of  their  mass  has  the  least  trace  of 
any  organic  structure  been  detected.  In  traversing  the 
western  seaboard,  from  Cape  Wrath  to  Loch  Torridon,  I 
have  ascertained  that  these  ancient  rocks  are  disposed  in 
several  broad  anticlinal  and  synclinal  folds,  the  angles 
of  dip  often  not  exceeding  from  30°  to  40°,  and  the 
strata  succeeding  each  other  with  unexpected  regularity, 
though  here  and  there  showing  great  local  crumpling." 

A  prominent  feature  in  this  Lewisian  gneiss,  and  espe- 
cially in  the  lower  part  of  it,  is  the  frequent  occurrence  of 
pegmatite  in  veins  which  sometimes  seem  to  be  inter- 
stratified  with  the  gneiss,  and  sometimes  traverse  it  in 
different  directions.  Dr.  Geikie  appears  to  regard  these 
granite  veins  as  the  result  of  extreme  metamorphism,  and 
not  as  subsequent  intrusion. 

By  the  faults  and  inversions,  which  will  be  mentioned 
later  on  (Chapter  III.),  small  strips  of  Archaean  gneiss  are 

>  "  Text-Book  of  Geology,**  first  edition,  p.  640. 
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brought  in  again  and  again  to  the  eastward ;  and  it  is  not 
yet  faiown  how  much  of  the  gneissic  and  schistose  rocks 
which  compose  the  Highlands  should  be  regarded  as 
Archaean. 

2.  Wales. 

Wherever  the  base  of  the  Cambrian  system  is  found  in 
Wales  it  is  seen  to  rest  on  a  floor  of  Archsean  rock,  and 
though  this  only  occurs  in  two  or  three  isolated  districts, 
yet,  if  we  could  strip  off  the  newer  rocks,  we  should  doubt- 
less find  that  this  floor  everywhere  underlies  them. 

Pembrokeshire. — In  this  county  a  tract  of  Archaean 
rocks  extends  from  Eamsey  Sound  through  St.  Davids  and 
Llanhowel  for  a  distance  of  about  eight  miles,  with  a  maxi- 
mum width  of  two  miles.  On  the  maps  of  the  Geological 
Survey  this  is  coloured  partly  as  igneous  rock  (Granite, 
Syenite,  Felsite,  &c.),  and  partly  as  metamorphosed  Cam- 
brian. To  Dr.  H.  BLicks  belongs  the  credit  of  showing  that 
these  are  really  Pre-Cambrian  rocks,  this  age  being  first 
claimed  for  them  in  1871,  and  their  stratigraphy  being 
subsequently  worked  out  by  Dr.  Hicks,  who  has  published 
his  views  in  a  series  of  papers.^  His  conclusions  may  be 
thus  summarized :  that  the  base  of  the  Cambrian  series  is 
marked  by_a  conglomerate  containing j^ebblesjof  the  junder- 
lying  rocks;  that  this  conglomerate  rests  on  a  series  of 
schists,  ajigillites,  and  volcanicjbreccias,  under  which  is 
another  series  of  quartz^TeTsites  and  hallefllints^s ;  and  below 
this,  again,  comes  a  granitoid  rock,  which  he  regards  as 
the  basement  part  of  the  metamorphic  series.  To  the  last, 
or  granitoid  group,  he  gave  the  name  of  Dimetian,  the 
middle  group  he  called  Arvonian,  and  the  upper  one 
Pebidian.  The  beds  strike  from  E.N.E.  to  W.S.W.,  and 
their  estimated  thickness  is  18,000  feet  (see  fig.  1). 

Dr.  Hicks'  views  have  recently  (1883)  been  called  in 
question  by  Dr.  Geikie,  who  maintains  the  correctness  of 
the  view  taken  by  the  original  surveyors,  viz.,  that  the 
so-called  Dimetian  is  an  intrusive  granite,  and  that  there 
is  no  break  between  the  so-called  Pebidian  and  the  Cam- 
brian. 

^  "  Quart.  Journ.  Greol.  Soc.,"  vols.,  xxxi.,  xxxiii.,  xxxiy.,  xxxv. 
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To  this  attack  Dr.  ELicks  has  replied,  admitting  that 
some  of  the  evidence  he  originally  adduced  to  prove  the 
metamorphic  origin  of  the  Dimetian  is  fallacious,  but 
maintaining  that  his  main  position  is  unshaken,  that  the 
Cambrian  does  rest  unconformably  upon  his  Pebidian 
series,  and  that  its  basement  conglomerate  does  contain 
recognizable  fragments  of  the  Dunetian  and  other  pre- 
existent  rocks. 

Most  geologists  who  have  examined  the  district  concur 
in  this  view,  and  regard  the  rocks  as  Pre-Cambrian ;  but 
whether  the  Dimetian  of  Dr.  ELicks  is  intrusive  granite  or 
granitoid  gneiss,  and  whether  the  Arvonian  form  a  series 
worthy  of  separation  from  the  Pebidian,  are  matters  upon 
which  there  is  much  difference  of  opinion.  The  thickness 
of  the  Arvonian  and  Pebidian  is,  perhaps,  8,000  feet. 

Another  tract,  mapped  as  "  altered  Cambrian "  by  the 
Survey,  but  probably  Pre-Cambrian,  lies  to  the  east  of  that 
above  described,  and  runs  inland  from  St.  Bride's  Bay, 
north  of  Haverfordwest. 

Carnarvonshire. — In  this  county  there  are  also  two 
areas  of  Pre-Cambrian  rocks.  The  first  extends  from 
Llanllifin  in  the  south  to  Bethesda  in  the  north,  a  distance 
of  about  fifteen  miles,  and  has  a  maximum  width  of  two 
miles,  but  narrows  toward  the  north.  On  the  Geological 
Survey  map  it  is  coloured  as  "  intrusive  felspathic  por- 
phyry," with  "  altered  Cambrian "  round  its  southern 
border.  Dr.  ELicks  and  Professor  Bonney  have  shown  that 
these  are  Pre-Cambrian  rocks,  and  that  they  are  overlain 
unconformably  by  unaltered  Cambrian  conglomerate ;  the 
porphyry  is  a  rhyolitic  felsite,  and  the  other  beds  (breccias 
and  schistose  rocks)  are  comparable  to  the  Pebidian. 

A  second  tract  (coloured  in  the  same  manner  on  the 
Survey  map)  extends  from  Carnarvon  to  Bangor,  a  distance 
of  about  ten  miles,  with  a  width  of  over  a  mile  in  the 
central  part.  This  has  been  well  described  by  Professor 
Hughes,^  who  shows  that  the  ridge  consists  of  three  rock 
groups — a  granitoid  rock  at  the  southern  end  (Twt  Hill), 
against  which  imaltered  Cambrian  conglomerates  are  rest- 
ing ;  a  red  and  purple  felsitic  series,  which  extends  nearly 

*  "  ()uart  Joum.  Geo!.  Soc.,"  vol.  xxxiv.  p.  137,  and  vol.  xxxv. 
p.  682. 
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to  Bangor,  and  is  oyerlain  by  grits,  slates,  and  a^lome- 
rates  (the  altered  Cambrian  of  the  G^eological  Survey).  It 
is  shown,  however,  that  the  true  Cambrian  conglomerate 
overlie  this  Bangor  volcanic  series,  and  the  whole  is, 
therefore,  proved  to  be  of  Pre-Cambrian  age  (see  figs.  2 
and  5). 

Professor  Bonney  observes  that  the  following  facts  are 
indisputable : ' — 

1.  That  the  granitoid  rock  resembles  that  of  St.  Davids 

and  the  Wrekin. 

2.  That  the  felstone  is  a  rhyolitic  lava-flow. 

3.  That  the  base  of  the  Cambrian  is  a  conglomerate, 

which  contains  well-rolled  pebbles  of  the  rhyolite. 

4.  That  between  this   conglomerate  and  the   rhyolite 

there  is  a  series  of  argillites  and  breccias,  with 
numerous  fragments  of  volcanic  scoria  and  of  rhyo- 
litic lava,  derived  probably  from  the  destruction 
of  (K>ntemporaneous  volcanoes. 

Anglesey. — A  large  portion  of  this  island  consists  of 
metamorphic  rocks,  but  opinions  differ  much  as  to  the 
order  of  succession  which  they  exhibit.  Dr.  ELicks  finds  a 
similar  succession  to  that  in  other  parts  of  Wales,  namely, 
(1)  a  granitoid  series,  (2)  compact  halleflintas,  (3)  quartzose 
and  micaceous  schists.  Professor  Bonney  ^  thinks  it  safer 
at  present  to  group  them  in  two  divisions:  (a)  a  lower 
series  of  granitoid  gneiss  and  highly  crystalline  schists,  and 
(b)  an  upper  series  of  well-bedded  chJoritic  or  micaceous 
schists,  with  some  quartzites.  He  also  remarks  that  the 
greater  antiquity  of  the  granitoid  series  as  well  as  its  non- 
intrusive  character  is  placed  beyond  doubt  by  the  fact  that, 
near  Llanfaelog,  both  series  are  in  close  proximity,  and  the 
newer  series  contains  bands  of  well-rounded  pebbles  of  a 
rock  indistinguishable  from  the  neighbouring  granitoid 
gneiss.  This  truly  metamorphic  series  is  succeeded  by  a 
Hjpo-metaniorphic  series  of  slaty  and  schistose  rocks,  some- 
times of  volcanic  origin,  and  probably  corresponding  to 
Pebidian. 

The  undoubted  Palaeozoic  rocks  which  overhe  these  slaty 

*  "  Brit.  Assoc.  Rep.,"  1884. 
*  *  Loc  cit. 
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beds  have  in  manj  places  a  conglomeratic  base,  containing 
fragments  derived  from  both  the  Archsean  series,  but 
whether  this  bed  is  of  Cambrian  or  Ordovician  age  has  not 
yet  been  decided,  Dr.  Hicks  and  Professor  Hughes  holding 
the  former  view,  and  Dr.  Callaway  the  latter.  The  suc- 
ceeding slates  are  either  Tremadoc  or  Arenig  (see  p.  69). 

3.  England. 

The  Wrekin  District. — The  Wrekin,  with  the  two 
minor  summits,  Lawrence  and  Ercal  Hills,  forms  a  ridge 
about  three  miles  long.  On  the  map  of  the  Geological 
Survey  it  is  coloured  as  intrusive  Greenstone,  and  is  sur- 
rounded by  a  zone  of  altered  Caradoc  (Ordovician). 

This  region  has  been  studied  princij^ly  by  Mr.  Allport,* 
Dr.  Callaway,  and  Professor  Bonney,*  who  have  shown  that 
the  Wrekin  is  an  ancient  volcano,  and  consists  of  a  fel- 
stone  or  devitrified  rhyolite,  with  masses  of  volcanic  agglo- 
merate and  ash ;  while  at  both  ends  of  the  ridge  (Ercal  and 
Primrose  hills)  there  is  a  granitoid  rock,  which  is  probably 
older  than  the  volcanic  series,  though  the  lines  of  contact 
appear  to  be  faults. 

The  Wrekin  is  only  the  loftiest  of  a  series  of  isolated 
hills  and  ridges,  which  form  a  chain  about  twenty-nine 
miles  in  length  &om  the  extreme  points,  Lilleshall  Hill  on 
the  N.E.  to  Bagleth  Hill,  near  Caer  Caradoc  on  the  S.W. 
The  rhyolitic  lava  also  appears  to  the  N.W.,  near  the  village 
of  Wrockwardine,  where  parts  of  it  exhibit  beautiful  per- 
litic  and  spherulitic  structures. 

As  regards  the  quartzite  on  the  flanks  of  the  Wrekin, 
Dr.  Callaway  has  shown  that  it  contains  pebbles  of  the 
rhyolite  and  is  overlain  by  sandstones  of  the  Lingula  Flag 
group ;  it  is  therefore  either  of  Lower  Cambrian  age,  or  of 
still  earlier  date. 

The  Malvern  Hills. — The  length  of  this  ridge  is 
about  seven  miles,  and  its  greatest  breadth  not  more  than 
half  a  mile.  The  position  of  the  Arch^pan  rocks  can  be 
seen  in   fig.   19 ;    they  are  flanked  on   the  west  by  the 

^  "  Quart.  Journ.  Geol.  Soc.,**  vol.  xxxiiit.  p.  449. 
^  Op.  cit.,  vol.  xxzv.  p.  643,  and  vol.  xxxwviii.  p.  119. 
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Hollybnsli  Sandstone  of  Upper  Cambrian  age,  and  on  the 
east  by  Triassic  beds.  The  north  end  of  the  ridge  consists 
of  a  coarse  granitoid  gneiss,  composed  of  quartz,  ortho- 
clase,  and  a  little  hornblende  or  mica,  but  toward  the  south 
there  are  finer  gneisses  interbedded  with  micaceous  schists. 
These  strike  roughly  from  N.W.  to  S.E.,  and  are  inclined 
at  high  angles,  being  often  nearly  vertical. 

Chamvi^ood  Forest. — This  area  rises  out  of  the  Trias 
to  the  south-east  of  the  Leicestershire  coalfield,  and 
measures  some  nine  miles  from  N.W.  to  S.E.,  and  rather 
more  than  four  from  S.W.  to  N.E.  The  older  rocks  of 
this  district  were  formerly  regarded  as  Cambrian,  but  our 
most  recent  knowledge  of  them  comes  from  Professor 
Bonney  and  Eev.  E.  ffiU,  who  regard  them  as  Pre-Cam- 
biian,  and  describe  the  following  succession  in  descending 
order : — 

5.  Slates  of  Swithland  and  Groby. 

4.  Slates  with  bands  of  pebbly  quartz  grit. 

3.  Agglomerates  and  schistose  porphyritic  rocks. 

2.  A  great  series  of  grits,  slates,  volcanic  ashes,  and 
agglomerates,  some  of  the  last  being  very  coarse, 
and  containing  large  fragments  of  rhyolitic  lava. 

1.  Slates  and  fine  grits,  the  latter  probably  of  volcanic 
origin. 

The  strike  is  from  N.W.  to  S.E.,  the  older  beds  occurring 
on  the  northern,  and  the  newer  on  the  southern  side. 
Masses  of  Syenite  and  Diorite  are  intruded  among  them. 

Professor  Bonney  remarks  that  "  the  rocks  of  the  Forest 
area  are  probably  prolonged  underground  beneath  the 
Trias  and  Coal-measures  for  a  considerable  distance,  since 
they  have  been  struck  once  or  twice  in  borings,  and  a 
number  of  bosses  of  crystalline  rock  crop  out  from  the 
Trias  in  the  neighbourhood  of  Narborough,  south  of  the 
Forest."  With  regard  to  the  age  of  this  ancient  series,  he 
observes  that  the  materials  are  largely  volcanic,  and  of 
the  same  acidic  or  rhyolitic  type  as  the  lavas  of  St.  Davids 
and  the  Wrekin ;  further,  that  they  differ  markedly  from 
the  lavas  of  Ordovician  age,  and  no  contemporaneous  lavas 
are  yet  known  among  undoubted  Cambrian  rocks. 
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Staffordshire  and  Warwickshire. — In  Warwick- 
shire, near  Nuneaton,  a  quartzite  which  was  supposed  to 
be  altered  Carboniferous  grit,  but  which  Professor  Lap- 
worth  has  recently  proved  to  be  Upper  Cambrian,  rests  on 
f  elspathic  ashes  and  quartz-f  elsites,  which  probably  belong 
to  the  Chamwood  Series. 

At  the  south  end  of  the  Lickey  Hills,  and  beneath  the 
quartzite  of  that  region,  Professor  Lapworth  has  recently 
discovered  a  series  of  igneous  rocks  and  sandstones,  which 
are  presumably  of  the  same  (i.e.  Chamwood)  age. 

Cornwall. — A  large  portion  of  the  promontory  which 
terminajtes  in  the  Lizard  Poi^t,  consists  of  metamorphosed 
stratified  rocks,  which  are  regarded  as  Archaean  by  Pro- 
fessor Bonney.  He  distinguishes  three  groups  in  the 
following  ascending  order : — 

1.  A  Micaceous   group,  consisting  chiefly  of  compact 

dull  green  schists,  composed  of  green  mica  and 
light  green  hornblende. 

2.  A    Homblendic    group,   consisting    of    hornblende- 

schists,  generally  dark  green,  hard  and  distinctly 
bedded,  often  banded  in  layers  of  quartzose,  fel- 
spathic,  epidotic  and  homblendic  constituents. 

3.  A  Grannlitic  group,  consisting  of  dark  grey  horn- 

blende-schist and  light  reddish-grey  granulite  in 
alternate  bands.  These  alternations  seem  to  indi- 
cate original  bedding,  and  it  passes  insensibly  into 
the  homblendic  group  above. 

The  area  occupied  by  these  rocks  is  bounded  on  the  north 
by  a  fault  running  from  coast  to  coast,  so  that  there  is  no 
direct  evidence  to  decide  the  real  age  of  the  series. 

4.   LstELAND. 

Li  the  north-west  of  Lreland  (co.  Donegal),  there  is  a 
considerable  area  of  metamorphic  rock,  which  is  in  all  pro- 
bability a  continuation  of  the  Scottish  ELighland  tract. 
The  red  Cambrian  sandstone  does  not  occur,  but  according 
to  Professor  Hull  there  is  a  massive  granitoid  gneiss  like 
that  of  the  Hebrides,  overlain  unconf  ormably  by  quartzites. 
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limestones,  and  schists  of  probable  Ordovician  age.  Dr. 
Callaway,  however,  in  a  recent  paper,*  maintains  that  the 
granitic  rock  is  intrusiye,  and  not  a  metamorphosed  sedi- 
mentary mass,  its  foHation  being  the  result  of  intense 
lateral  pressure.  The  proof  of  this  great  pressure  is  found 
in  the  plication  of  the  schists  into  which  the  granite  is  in- 
jected, inverted  folds  and  overthrust  faults  being  frequent, 
as  in  the  north  of  Scotland. 

The  metamorphosed  sedimentary  rocks  are  grouped  by 
Dr.  Callaway  into  two  series,  the  older  being  truly  crystal- 
line, and  consisting  of  quartzites,  quartz- schists,  hom- 
blendic  and  micaceous  scMsts  and  crystalline  limestones. 
These  are  succeeded  on  the  east  by  a  semi-crystalline  or 
hypo-metamorphic  series  of  very  variable  composition — 
quartzites,  grits,  limestones,  dolomites,  phyllites,  and 
micaceous  schists.  The  real  age  of  these  two  rock-groups 
is  at  present  quite  imcertain,  but  the  older  series  may  be 
Archaean. 

Foreign  Archaean  Bocks. 

North  America. — ^The  largest  and  most  thoroughly 
explored  area  of  Archaean  rocks  is  that  in  Canada,  forming 
a  broadly  V-shaped  tract,  extending  from  Labrador  to  the 
borders  of  Lake  Huron,  and  thence  north-westward  to  the 
Arctic  Ocean.  These  rocks  were  first  described  by  Sir  W. 
Logan,  under  the  name  of  Laure^itian,  and  he  divided  them 
into  two  series  f  (1)  a  lower  group  more  than  20,000  feet 
thick,  consisting  chiefly  of  granitoid  gneiss,  and  schists  with 
bands  of  limestone,  magnetic  iron  ore,  and  quartz-rock; 
and  (2)  an  upper  group,  10,000  feet  thick,  consisting  of 
gneiss  with  Labrador  felspar,  schists,  limestones,  and  mag- 
netic iron  ore.  He  also  found  in  the  neighbourhood  of 
Lake  Huron  a  third  series,  resting  unconformably  on 
Laurentian  gneiss,  which  he  named  the  Huronian  series. 
This  includes  a  vast  thickness  (more  than  10,000  feet)  of 
conglomerates,  slates,  limestones,  and  quartz-rocks. 

Dr.  Selwyn  has  recently  contended  that  the  Laurentian 
series  is  divisible  into  a  gneissic  group  and  a  schist  and 
limestone  group,  the  latter  being  always  above  the  former, 

*  "  Quart.  Jonm.  Geol.  Soc.,"  vol.  xli.  p.  221. 
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and  that  the  Huronian  is  the  equivalent  of  the  limestone- 
bearing  portion  of  the  Laurentian. 

Life. — The  Laurentian  limestones  of  Canada  have 
yielded  the  curious  structures  known  as  Eozoon  canadense, 
and  supposed  to  be  the  earliest  known  form  of  animal  life. 
These  masses  consist  of  a  mixture  of  calcite  and  serpentine 
disposed  in  alternate  layers,  and  so  arranged  as  to  suggest 
that  they  are  the  remains  of  an  organic  structure.  Dr. 
Dawson  and  Dr.  Carpenter  believe  them  to  have  been 
formed  by  an  organism  of  Foraminif eral  type,  which  built 
up  large  compound  sheets  or  reefs  much  in  the  same  way 
as  coral  reefs  are  now  formed.  These  authorities  regard  the 
calcite  as  the  framework  or  skeleton  of  the  mass,  and  the 
serpentine  as  filling  the  cavities  which  were  originally  occu- 
pied by  the  animals.  Other  observers  have,  however,  dis- 
puted these  conclusions,  and  maintain  that  the  so-called 
Eozoon  is  merely  a  mineral  aggregation  devoid  of  any 
organic  structure.  General  opinion  seems  now  to  be  against 
the  idea  of  its  organic  origin. 

Localities  in  Europe. — Archaean  rocks  occupy  exten- 
sive areas  in  the  north  of  Europe,  more  than  three-fourths 
of  the  Scandinavian  peninsula  consisting  of  Archsean 
gneiss,  with  masses  of  schist  and  quartzite,  and  then  bands 
of  crystalline  limestone  in  the  upper  part  of  the  series.  No 
definite  succession,  however,  has  yet  been  made  out.  Bocks 
believed  to  be  of  the  same  age  extend  through  Finland 
into  Bussia,  and  reappear  in  the  extreme  north-east  of  that 
country. 

In  central  Europe  they  appear  in  several  isolated  areas 
surrounded  by  the  stratified  rocks  of  much  newer  forma- 
tions. The  best  known  of  these  areas  is  that  occupying 
parts  of  Saxony,  Bohemia,  and  Bavaria  between  Dresden  and 
the  valley  of  the  Danube.  The  lowest  rocks  are  red  gneiss 
and  granite  (Bojan  gneiss),  succeeded  by  grey  gneiss  with 
schistose  rocks  and  beds  of  limestone  and  serpentine  (Her- 
cynian  of  Gumbel),  and  the  highest  beds  consist  of  mica- 
schist  passing  up  into  clay  slate  and  shales  (the  Pribram 
shales),  which  are  overlaid  unconformably  by  the  Lowest 
Cambrian  rocks. 

Pre-Cambrian  rocks  are  also  known  to  exfst  in  the  Car- 
pathian mountains  and  the  Pyrenees ;  gneissic  rocks  sup- 
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posed  to  be  of  Archsean  age  occur  in  Normandy  and  Brit- 
tany, where  they  present  a  front  of  lofty  cliffs  to  the  waves 
of  the  Atlantic.  There  can  be  little  doubt  that  they  extend 
underneath  the  newer  rocks  between  these  districts,  and 
form  the  floor  upon  which  the  latter  rest  throughout  the 
whole  European  area. 

Origin  and  Method  of  Formation, 

It  is  very  doubtful  whether  the  Archaean  rocks  were 
originally  accumulated  as  marine  sediments,  and  it  has 
be^  suggested  by  Mr.  J.  E.  Marr*  that  they  were  mainly 
of  terrestrial  and  volcanic  origin.  He  points  out  that  an 
abnormal  amoimt  of  volcanic  activity  seems  to  have  occurred 
in  Archsean  times.  The  metamorphic  rocks  are  everywhere 
penetrated  by  granite,  and  much  of  this  granite  is  shown 
to  be  of  Archaean  age  by  the  occurrence  of  pebbles  derived 
from  it  in  the  Cambrian  conglomerates,  and  by  the  com- 
parative rarity  of  granitic  intrusions  in  the  Cambrian  series. 
Further,  as  we  have  seen,  the  upper  part  of  the  Archeean 
consists  mainly  of  lava  flows,  tuffs,  and  agglomerates,  while 
it  is  quite  possible  that  some  of  the  homblendic  and  green 
schistose  rocks  of  Cornwall  and  Anglesey  may  be  only 
metamorphosed  tuffs.  Even  the  limestones  are  lenticular 
masses  of  small  extent,  and  might  have  been  deposited  in 
lakes  or  by  calcareous  springs  in  volcanic  districts.  Finally, 
the  site  of  at  least  one  Archeean  volcano  (the  Wrekin)  is 
known,  and  others  probably  existed  near  St.  Davids, 
Bangor,  and  Chamwood  Forest. 

Mr.  Marr  also  remarks  upon  the  extreme  irregularity 
which  the  surface  of  the  Archaean  rocks  presents ;  they 
generally  rise  up  as  massive  ridges  from  beneath  the 
Cambrian  beds,  the  latter  thinning  out  by  overlap  against 
the  flanks  of  these  ridges.  This  arrangement  points  **  to 
the  submergence  of  great  mountain  masses  sculptured  by 
STibaerial  denudation,  and  this  would  also  account  for  the 
reimarkable  character  of  the  boulder  conglomerates  f  oimd 
in  Cambrian  beds  of  different  ages,  where  they  rest  upon 
Archaean  rocks  "  (op.  cit.,  p.  226). 


1     M 
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From  these  and  other  facts  he  concludes  that  Archaean 
time  was  one  of  continued  and  universal  vulcanicitj,  and 
that  the  amount  of  erosion  and  denudation  which  took 
place  at  its  close  was  so  violent,  rapid,  and  extensiye  that 
great  masses  of  rock,  which  had  been  metamorphosed  at  a 
considerable  depth  below  the  original  Archaean  land,  were 
in  many  places  brought  to  the  surface ;  while  the  greater 
part  of  the  unaltered  surface  rocks  were  swept  away  and 
re-deposited  as  Cambrian  sediment. 

Without  entirely  acquiescing  in  Mr.  Marr's  hypothesis, 
there  can  be  little  doubt  that  a  large  portion  of  the  British 
Archeean  rocks  are  volcanic,  and  that  only  a  small  propor- 
tion are  marine,  and  that  they  were  accumulated  in  a 
volcanic  district  which  was  eventually  elevated  into  lofty 
land.  Further,  that  after  remaining  as  a  land  surface  for 
a  considerable  period  of  time,  this  land  was  gradually  sub- 
merged, and  received  the  Cambrian  deposits,  sinking  till 
only  its  topmost  peaks  remained  above  the  Cambrian 
waters. 

Between  this  chapter  of  the  geological  history  of  Britain 
and  that  which  succeeds  it  there  is  therefore  a  gap  in 
the  record.  This  break  is  no  doubt  wholly  or  partially 
filled  elsewhere  by  a  series  of  deposits,  some  of  which  may 
have  been  marine;  but  of  these  we  have  at  present  no 
certain  knowledge,  and,  when  they  are  discovered,  they  will 
doubtless  be  found  to  contain  the  remains  of  the  first  be- 
ginnings of  life  on  the  globe. 


CHAPTEE  n. 

THE    CAMBBIAN    SYSTEM. 

The  ClassificcUimi  of  the  Lower  Palceozoic  Bocks. 

THK  nomenclature  of  the  great  Lower  PalsBOzoic  or 
Cambro-Silurian  series  has  for  many  years  l)een  in 
an  unsettled  state.  The  well-known  name  Silurian  (from 
the  tribe  of  Silures  who  inhabited  South  Wales)  was 
first  introduced  by  Sir  Roderick  Murchison  in  1835,  to  de- 
signate the  series  of  rocks  which  he  had  studied  in  Shrop- 
shire and  South  Wales ;  and  he  afterwards  divided  this 
into  an  Upper  and  Lower  Silurian. 

Meantime  Professor  Sedgwick  had  worked  out  the  com- 
plete succession  in  North  Wales,  and  found  that  the  rocks 
fell  naturally  into  two  great  series,  to  the  lower  of  which  he 
gave  the  name  of  Cambrian,  which  he  dirided  into  Lower, 
Middle,  and  Upper,  while  for  the  uppermost  series  he 
adopted  Murchison' s  name  of  Silurian. 

Sedgwick  worked  out  the  succession  from  below  upwards, 
and  Murchison  worked  from  aboTO  downwards ;  and  for  a 
long  time  neither  was  aware  of  the  fact  that  their  systems 
orerlapped  each  other.  Murchison  supposed  that  Sedg- 
wick's Cambrian  lay  entirely  below  his  Silurian ;  but  when 
the  fossils  were  collected  and  described,  it  was  found 
that  the  Upper  Cambrian  was  equivalent  to  the  Lower 
Silurian,  and  this  fact  led  to  much  subsequent  contro- 
Tersy. 

As  Murchison  became  the  Director-G^eneral  of  the  Geo- 
logical Survey,  his  nomenclature  was  naturally  adopted  by 
the  surveyors,  and  as  they  found  that  his  Lower  Silurian 
had  no  natural  base,  group  after  group  of  Sedgwick's  Cam- 
brian was  gradually  absorbed  into  it,  till  the  Lower  Silurian 
came  to  include  the  whole  of  the  rocks  (below  the  Upper 
Silurian)  in  which  any  fossils  had  been  found ;  leaving  only 


58  PALiBOZOIC    BOCKS.  [PABT  V. 

a  few  thousand  feet  of  slate  and  grit "  as  a  tribute  to  the 
genius  of  the  founder  of  the  Cambrian  System."  This  was 
obviously  unfair  and  imscientific,  since  the  so-called  Lower 
Silurian  was  in  reality  a  part  of  Sedgwick's  Cambrian 
series,  the  delineation  of  which  by  Sedgwick  was  accurate 
and  complete.  Still  it  was  done,  and  the  najne  Lower 
Silurian  was  generally  adopted  both  in  England  and 
abroad. 

There  has,  however,  arisen  a  school  of  geologists  who 
feel  the  injustice  of  this,  and  wish  to  revert  to  the  more 
logical  nomenclature  of  the  Woodwardian  professor ;  but 
to  this  course  there  are  two  serious  objections :  (1)  It  is 
not  likely  that  the  Survey  authorities  would  ever  be  in- 
duced to  accept  it,  and  consequently  there  would  always  be 
two  British  Palseozoic  classifications ;  (2)  although  Sedg- 
wick's Cambrian  is  a  perfectly  complete  and  continuous 
series,  yet  it  is  paleeontologically  divisible  into  two  portions, 
each  of  which  is  entitled  to  the  rank  of  a  system.  Li  accor- 
dance, therefore,  with  the  principles  laid  down  in  Part  IV., 
Chapter  HE.,  and  in  spite  of  the  conformable  sequence, 
we  are  compelled  to  recognize  two  systems  in  Sedgwick's 
Cambrian. 

The  fact  is,  Sedgwick  and  Murchison  both  described 
more  than  one  system  of  rocks,  and  each  included  two 
systems  under  one  name.  Sedgwick  had  clearly  a  right  to 
call  one  system  Cambrian  and  Murchison  to  call  one 
Silurian,  but  there  is  really  a  third  intermediate  system, 
containing  the  second  great  fauna  in  the  life-history  of  the 
globe,  and  to  this  neither  geologist  has  a  distinct  claim. 

Professor  Lapworth  has  strongly  insisted  upon  these 
facts,  and  has  proposed  the  name  Ordomcian  (from  the  tribe 
of  the  Ordovices  who  inhabited  North  Wales)  for  the  inter- 
mediate system,  remarking  :  ^  "  That  so  long  as  present 
systems  of  nomenclature  survive,  nothing  can  disturb  the 
application  of  the  title  Cambrian  to  the  rocks  of  the 
'Primordial  Series,'  or  that  of  Silurian  to  the  strata  of 
the  *  Third  Fauna.'  It  is  vastly  different,  however,  with 
the  intermediate  series,  which  has  been  the  object  of  inces- 
sant disputes  from  the  day  it  was  recognized  until  now." 

»  "  Geol.  Mag.,*'  Dec.  2,  vol,  vi.  p.  14. 
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He  thinks  it  time,  therefore,  to  end  these  differences  by 
giying  this  central  system  the  name  Ordovidan,  which  is 
equally  euphonious,  and  as  strictly  significant  of  the  area 
where  its  strata  are  typically  developed,  as  the  names  em- 
ployed for  the  systems  above  and  below. 

Sir  A.  Kamsay  has  admitted  that  if  he  were  to  recom- 
mence the  mapping  of  Wales  de  novo,  he  would  separate 
the  Lower  Palaeozoic  rocks  into  three  divisions. 

Mr.  Etheridge,  too,  the  late  Palseontologist  of  the  Sur- 
vey, thus  sums  up  the  matter  in  his  presidential  address 
to  the  G^eological  Society  (1881) :  **  The  recognition  of  a 
tripartite  grouping  of  the  faunas  and  strata  between  the 
base  of  the  Old  Eed  Sandstone  and  the  Harlech  Series 
cannot  be  disputed ;  each  is  characteristic,  and  possesses  a 
broadly  marked  asx)ect  or  fades." 

We  may  hope,  therefore,  that  this  classification  will  ulti- 
mately be  accepted  by  the  Geological  Survey. 

The  following  table  shows  the  different  arrangements 
which  the  student  will  find  current  at  the  present  time,  the 
last  or  right-hand  column  being  that  which  will  be  adopted 
in  this  volume. 


Sedgwick, 


ClnnimD. 
Salopian. 
Valentuu). 
Bala  Series. 
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Silurian. 


Cambrian.      Cambrian 
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Cambrian. 


In  this  chapter  the  Cambrian  rocks  will  be  described. 


! 


Areas  of  Cambrian  Rocks, 

Cambrian  rocks  rise  to  the  surface  in  several  parts  of 
tlie  British  Islands,  but  they  nowhere  occupy  any  very  large 
tract  of  country,  so  that  we  can  only  compare  their  isolated 
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exposures,  and  cannot  trace  their  stratigraphical  variations 
continuously  from  one  district  to  another. 

In  England  and  Wales  there  are  five  districts  where  the 
occurrence  of  Cambrian  strata  is  unquestionable — South 
Wales,  North  Wales,  Shropshire,  Warwickshire,  and  the 
Malvems ;  their  existence  in  the  Lake  District  is  doubtful. 
In  Scotland  they  have  only  yet  been  found  in  the  far  north. 
In  Ireland  there  are  three  areas,  Wicklow,  Wexford,  and 
Oalway. 

In  England,  the  Lower  Cambrian  tracts  are  probably 
continuous  beneath  the  Welsh  Ordovician.  The  Upper 
Cambrian  extend  eastward  beyond  the  lower  beds,  and 
doubtless  underlie  all  newer  rocks  in  the  eastern  counties. 

Wherever  the  basement  beds  of  this  system  are  exposed, 
they  are  seen  to  rest  un  conformably  on  an  uijeven  surface 
of  Archaean  rock. 

The  system  admits  of  subdivision  as  follows : — 

jT  (  Tremadoc  Slates. 

^^      '    \  Lingula  Flags  (in  three  stages). 
Menevian  Series. 


Lower 


I 


Harlech  Series  (in  two  stages). 


Life  of  the  Period, 

Great  interest  attaches  to  the  fossils  which  have  been  found 
in  Cambrian  rocks,  because  they  include  the  remains  of 
the  oldest  animals  hitherto  discovered.  The  earliest  known 
fauna  is  that  of  the  Harlech  and  Longmynd  rocks,  and  our 
present  knowledge  of  it  is  chiefly  obtained  from  one  locality, 
viz.,  the  Harlech  rocks  of  Pembrokeshire,  in  which  Dr. 
Hicks  has  found  no  less  than  thirty- two  species  referable  to 
eighteen  genera  and  four  different  classes  of  life.  The 
four  classes  here  represented  are  Spongida,  Crustacea, 
Brachiopoda,  and  Pteropoda.  Tlie  Longmynd  and  Irish 
Cambrians  yield  representatives  of  two  other  groups,  the 
Annelida  and  the  Hydrozoa  (if  Oldhamia  is  rightly  referred 
to  the  latter). 

Now,  although  all  these  classes  are  comparatively  low  in 
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the  scale  of  life,  yet  they  are  widely  difEerent  from  one 
another,  and  we  cannot  suppose  them  to  be  the  remains  of 
the  first  creatures  that  peopled  the  earth.  At  the  same 
time,  it  may  be  noted  that  many  of  the  genera  are  compre- 
hensive types,  i.e.,  types  which  combine  characters  now 
belonging  to  several  separate  genera  or  orders,  while  othera 
are  persistent  types,  whose  organization  was  such  as  to 
enable  them  to  resist  all  changes,  and  to  survive  until  the 
present  day. 

Thus,  the  Trilobites  and  Ostracoda  are  generalized  or 
synthetic  types,  from  which  several  other  orders  of  Crus- 
tacea may  well  have  been  derived  by  differentiation.  Of 
the  Brachiopoda,  Lingtda  and  Discina  are  similar  syn- 
thetic types  exhibiting  some  Annelidian  characters ;  they 
are,  at  the  same  time,  persistent  forms ;  Orthia  is  more 
specialized.  The  Pteropoda  are  persistent  representatives 
of  the  embryonic  forms  of  G^asteropoda,  and  were  therefore 
likely  to  precede  the  latter  class.  The  Hexactinellid  Sponges 
are  at  once  a  lowly  and  a  persistent  group. 

But  although  each  group  is  represented  by  forms  which 
have  a  pristine  facies,  yet  it  is  evident  that  none  are  likely 
to  have  originated  where  they  are  now  found,  and  that 
they  «must  have  had  ancestors ;  these  ancestors  will  no 
doubt  be  discovered  some  day  in  rocks  of  an  age  inter- 
mediate between  the  Archsean  and  the  Cambrian ;  though 
such  rocks  may  perhaps  never  be  found  in  the  British 
Islands. 

Representatives  of  other  classes  make  their  appearance 
in  the  beds  above  the  Harlech  series  ;  thus  the  first  known 
Cystidean  Echinoderm  occurs  in  the  Menc^an,  and  the 
first  Crinoid  in  the  Tremadoc  (Dendrocrinns).  Phyllopod 
Crustaceans  make  their  first  appearance  in  the  Lingula 
Flags,  and  Lamellibranch  Mollusca  are  first  known  in  the 
Tremadoc.  All  these  are  among  the  less  highly  organized 
forms  of  the  groups  to  which  they  belong,  but  it  is  surpris- 
ing to  find  the  two  highest  classes  of  the  Mollusca  suddenly 
making  their  appearance  in  Cambrian  times,  the  Hetero- 
poda  in  the  Lingula  Flags,  and  the  Cephalopoda  in  the 
Tremadoc.  Their  introduction  can  only  be  accounted  for 
on  the  supposition  that  they  had  been  developed  else- 
where, and  had  thence  migrated  into  the  European  area. 
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The  probable  locality  whence  they  came  will  be  indicated 
in  the  section  on  Physical  Geography  (see  p.  78). 

The  following  are  the  principal  and  characteristic  fossils 
of  the  several  divisions  of  the  Cambrian  System : — 

Hablech  Fossils. 

Spongida. — Protospongia  diffusa,  P.  fenestrata,  P.  major. 

Hydrozoa  (?). — Oldnamia  (the  markings  so  called  may  be 
the  galleries  of  minute  Crustacea). 

Annelida, — Arenicolites  sparsus  and  A.  uriconiensis. 

Crustacea, — ConooorypheLyellii,  C.  solvensis,  Microdiscus 
sculptus,  Paradoxides  aurora,  P.  Harknessi,  P.  solvensis, 
Plutonia  Sedgwickii. 

Brachiopoda, — Discina  pileolus,  Lingulella  primseva,  and 
L.  ferruginea,  Orthis  sagittalis  (ranges  to  Tremadoc). 

Pteropoda, — Theca  antiqua,  Th.  penultima. 

Menevian  Fossils. 

8pongida, — Protospongia,  all  the  Harlech  species,  and 
P.  flabellata. 

Echinodermata, — Protocystites  menevensis. 

Annelida. — ^Arenicolites  didymus  and  A.  sparsus. 

Crustacea, — ^Anopolenus  Henrici,  Arionellus  longicepha- 
lus,  Conocoryphe  applanata,  Erinnys  venulosa,  Paradoxides 
Davidis. 

Brachiopoda, — ^The  Harlech  species  and  Orthis  Hicksii. 

Pteropoda, — Cyrtotheca  hamula,  Stenotheca  cornucopia, 
Theca  corrugata  (ranges  to  Tremadoc). 

LxNoiTLA  Flag  Fossils. 

Hydrozoa  (?). — ^Dictyonema  sociale  (upper  beds  only). 

Annelida, — Cruziana  semiplicata  (foot-tracks). 

Crustacea. — Agnostus  pisiformis  (princeps),  Ag.  nodosus, 
Conocoryphe  depressa,  C.  in  vita,  Microdiscus  punctatus, 
Olenus  micrurus,  Hymenocaris  vermicauda. 

Brachiopoda, — Lingulella  Davisii,  Obelella  Salteri,  Ku- 
torgina  cingulata,  Orthis  lenticularis. 

Heteropoda, — Bellerophon  cambrensis. 
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Pteropoda. — Theca  corragataand  Th.  obtusa  (lower  beds 
ouIt). 

Tbehaooc  Fossils. 

Hydrotoa. — Brjograptus  Callavei,  Dictjouenm  sociale 
(lower  beds  only). 

Eehinodertnaia. —  Dendrocrmue  cambrenBia,  Palteaste- 
riua  i&mseyeusis. 

Cruttaeea. — Angelina  Sed^wickii,  Neseuretua  ramsev- 
eosis,  Niobe  Homfraji,  X.  menapiensia,  C^ygia  scutatrix, 
Asapbus  Homfraji,  Psiloceplialus  innotatue. 


Fig.  3.  Gronpof  CuDbriui  Fouila.' 
Puadoxides  DiTidu.  e.  Agnosiua  princepa. 


b.  CNeniu  micmrua. 
t.  MiorodiWMiBacalptus, 
i.  FaUocephalna  inuotatiu. 


f.  Lingnlo  Dariiii. 

g.  OrthU  CBrouBJi. 
E.  HTnenocarU  v ermicsuda. 


'  Fnctioiut  numbers  sppecded  to  the  fignret  in  these  groups  indicate 
iW  proportion  (bey  b«arto  the  lize  of  (he  origiDals;  the  tiguras  withoat 
tbcw  indices  are  of  the  QHtuml  siie. 
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Brachiopoda. — Lingnlella  lepis,  Obolella  Beltii,  Orthis 
Carausii. 

LameUibranchiata,  —  Glyptarca  primaeva,  Ctenodonta 
menapiensiB,  Modiopsis  ramseyensis. 

Pteropoda. — Theca  ovata,  Th.  cuspidata. 

Heteropoda. — Bellerophon  ramseyensis,  B.  solvensis. 

Cephalopoda, — Cyrtoceras  precox,  Orthoceras  sericeum 
(upper  beds). 


Stratigraphy, 
1.  South  Wales. 

Cambrian  strata  form  the  greater  part  of  North  Pem- 
brokeshire, and  surroimd  the  two  areas  of  Pre-Cambrian 
rocks.  Our  detailed  knowledge  of  this  district  is  chiefly 
due  to  the  researches  of  Dr.  Hicks,  from  whose  papers  the 
following  account  is  mainly  taken :  ^ — 

Harlech  Series. — The  basal  bed  of  this  series  is 
the  Cambrian  conglomerate  so  frequently  mentioned  in 
the  preceding  chapter.  Near  St.  Davids  it  is  about  sixty 
feet  thick,  and  consists  of  well-rolled  pebbles  and  boulders 
set  in  a  matrix  which  is  a  mixture  of  arkose  and  ashy 
materials;  sometimes  the  ashy  element  appears  to  pre- 
dominate, sometimes  it  is  a  true  arkose,  consisting  of 
quartz-sand,  and  decomposed  felspar.  The  pebbles  vary 
in  size  and  range  up  to  a  foot  in  diameter ;  they  comprise 
quartz,  quartzite,  quartz-felsite,  porcellanite,  schists,  and 
granitoid  rock,  all  derived  from  the  underlying  Archaean 
rocks. 

Over  the  conglomerate  come  greenish,  flaggy  sandstones, 
and  then  some  red  shales  and  slates  with  fossils ;  these  are 
succeeded  by  a  great  series  of  purple  sandstones,  sur- 
mounted by  another  series  of  green  and  purple  flags  and 
grits.  The  grouping  proposed  by  Dr.  Hicks  for  this  district 
is  as  follows : — 

*  Especially  from  that  in  "  Pop.  Sci.  Rev.,"  New  Ser.,  vol.  v.  I  have 
also  availed  myself  of  Mr.  Manr's  excellent  summary  of  the  Cambrian 
and  Silurian  Rocks  (*'  Sedgwick  Essay,"  1S82). 
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Feet. 

iGrey  rocks,  with  Paradoxides  aurora        .  160 
Bed  purple  and  grey  grits  and  slates,  with 

Paradoxides  aolvemis    .  #       .         .         .  1,500 
Yellowish  grits  and  flags,  with  P.  Hark- 

nessi 150 

ri^^  '  ( Purple  sandstones,  with  Annelids    .  1,000 

/^          <  Bed  shales,  with  LinguleUa  primceva,  &c.  50 

^^P-  I  Greenish  sandstones  and  conglomerates  .  520 

3,370 

If  these  two  groups  can  be  recognized  elsewhere,  they 
will  rank  as  divisions  of  equal  value  with  the  Menevian. 

Menevian  Series. — ^The  Solva  beds  pass  gradually  into 
a  series  of  dark  flags  and  shales,  which  contain  a  remark- 
able fauna ;  above  these  sandstones  again  appear,  marking, 
possibly,  an  upheaval  of  the  area,  and  certainly  indicating 
some  physical  change,  for  with  them  the  species  and 
genera  characteristic  of  the  Lower  Cambrian  die  out  and 
disappear.    The  group  is  thus  subdivided  by  Dr.  Hicks : — 

Feet. 
Upper. — Sandstones  and  shales,  with  Orthis  Hicksii .  100 
Middle. — ^Flags  and  shales,  with  Paradoxides  Damdis  350 
Lower. — Flags  and  shales,  with  Paradoxides  Hicksii    300 


750 


Lingula'  Flag  Series. — Much  confusion  exists  with 
regard  to  the  subdivisions  of  the  Lingula  Flags,  on  account 
of  the  following  circumstances.    As  originally  described  by 
Professor  Sedgwick,  it  included  both  the  Menevian  and 
Tremadoc,  and  he  divided  the  whole  into  Upper,  Middle, 
and  Lower  groups ;  the  uppermost  he  subsequently  sepa- 
rated as  the  Tremadoc,  giving  the  name  of  "Ffestiniog 
groap  "  to  the  remainder  of  his  Lingula  Flags.     In  1865, 
Sedgwick's   "Lower   Ffestiniog"  was  re-named   as   the 
Menevian  by  Salter  and  Hicks ;  but  there  still  remained 
some  5,000  feet  in  North  Wales,  for  which  the  name  of 
Lingula  Flags  was  retained.     In  1867  this  central  series 
was  studied  by  Mr.  Belt,  and  by  him  divided  into  three 
n.  !• 
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distinct  groups  (see  below) ;  it  is,  therefore,  important  to 
note  that  the  Lower,  Middle,  and  Upper  Lingula  Flags  of 
the  present  terminology  are  only  subdivisions  of  Sedgwick's 
''Middle  Lingula  Flags."  This  is  shown  in  following 
tabular  view : — 

Seagwiek,  18S6.  8«dgwick,  184^  Belt,  1867. 

/-Upper  =:      Tremadoc     ^    Tremadoc, 

Menevian. 


In  the  St.  Davids  area  all  three  divisions  of  the  series 
are  found,  and  they  form  a  set  of  sandstones  and  shales 
about  2,000  feet  thick,  occasionally  ripple-marked,  very 
barren  of  fossils,  and  showing  a  return  of  shore  conditions. 
They  are  thus  grouped  by  Dr.  Hicks  : — 

Upper  or  Dolgelly      =  grey  shales,  with  L.  Davisii. 
laddie  or  Ffestiniog  =  grey  micaceous  flags. 
Lower  or  Maentwrog  =  slates  and  flags,  with  Oleni, 

Tremadoc  Series. — ^At  Eamsey  Island  and  at  White- 
sand  Bay,  in  Pembrokeshire,  this  series  is  clearly  inter- 
calated between  the  Lingula  Flags  and  the  Arenigs.  It  is 
about  1,000  feet  thick,  and  is  divided  into  a  lower  group 
(200  feet)  of  dark  fla^;y  sandstones,  with  Neseuretus  and 
Niohe,  and  an  upper  group  (800  feet)  of  iron-stained  flags 
and  slates,  with  Asaphtis  Homfrayi  and  Angelina  Sedg- 
wickii, 

2.  North  Wales. 

The  Cambrian  rocks  in  Carnarvon  and  Merioneth  are 
brought  to  the  surface  by  two  anticlinal  folds,  which  are 
separated  by  the  great  synchnal  of  the  Snowdon  range  (see 
fig.  4).  In  Carnarvon,  the  Lower  Cambrians  flank  both 
sides  of  the  major  Archaean  ridge,  but  the  Upper  Cambrians 
occur  only  on  the  eastern  side.  In  Merioneth,  the  Upper 
Cambrians  encircle  a  broad  mountain  tract,  which  consists 
of  the  Harlech  Grits,  and  stretches  inland  from  the  coast, 
between  Harlech  and  Barmouth. 
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Harlech  Series. — In  Merioneth  these  rocks  are.  de- 
scribed by  Sir  A.  Bamsaj  as  chiefly  coarse  quartzose  greenish 
grey  grits,  formed  from  the  direct  waste  of  granite  rocks. 
Sometimes  they  are  purple  and  fine-grained,  and  are  inter- 
stratified  with  bands  of  green  and  purple  slate,  especially 
in  the  lower  part  of  the  series.  The  visible  thickness  is 
estimated  at  8,000  feet,  but  the  base  is  not  seen. 

In  Carnarvon  the  basement  beds  of  this  series  are  con- 
glomerates and  grits,  which  rest  on  the  Archsean  rocks. 
They  contain  pebbles  of  the  Dimetian  granite,  as  well  as 
quartz-felsites  and  porcellanites  from  the  Pebidian  series. 
They  are  succeeded  by  a  thick  series  of  slates,  red,  green, 
purple,  and  blue,  some  of  which  are  worked  at  the  cele- 
brated quarries  of  Penrhyn  and  Llanberis.  "  The  highest 
beds,"  says  Sir  A.  Eamsay,*  "  consist  of  about  1,300  feet 
of  green,  greenish  grey,  and  occasionally  purple  hard  grits, 
generally  thick-bedded  and  formed  of  grains  of  quartz,  often 
but  little  waterwom,  intermingled  with  felspar  grains  in 
smaller  proportion."  The  total  thickness  is  between  6,000 
and  7,000  feet.  Dr.  Hicks  considers  both  his  Solva  and 
Oaerfai  groups  to  be  represented  in  this  series. 

All  these  slates  and  grits,  however,  thin  rapidly  to  the 
north-west,  disappearing  altogether  near  Dinorwig  and 
Doldeilo,  the  basal  conglomerate  only  remaining  at  Lland- 
deiniolen,  and  even  this  may  there  be  of  Arenig  age  (see 
fig.  5,  which  is  borrowed  from  Dr.  Hicks'  paper). 

Professor  Hughes  ^  has  traced  similar  conglomerate  and 
grit  along  the  eastern  flank  of  this  Pre-Cambrian  ridge  all 
the  way  from  Twt  Hill,  Carnarvon,  to  Garth  Point,  near 
Bangor.  The  nature  of  the  pebbles  varies  according  to 
the  rocks  on  which  the  conglomerate  rests.  Near  Carnar- 
von they  are  chiefly  quartz,  near  Llanddeiniolen  they  are 
all  felsite,  and  near  Bangor  they  are  of  felsite  embedded 
in  a  matrix  of  ashy  grit. 

Menevian  Series. — These  beds  have  been  found  in 
Merioneth,  but  are  not  more  than  200  feet  thick.  They 
consist  of  dark  blue  slates,  and  may  be  seen  half  a  mile 
east  of  Barmouth,  passing  conformably  into  the  Lingula 

»  "  Geology  of  North  Wales,"  Mem.  Geol.  Surrey, 
2  "Quart.  Joum.  Geol.   Soc.,"  vol.  xxxir.   p.  137,  and  toI.  xxxv. 
p.  682. 
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Flags,  from  wliich,  howeyer,  they  are  distinguished  by 
their  fossil  contents.  Near  Ffestiniog  they  have  the  same 
thickness,  but  they  have  not  yet  been  found  at  Llanberis. 

Lrini^la  Flags. — This  series  attains  a  great  thiclmess 
in  Merioneth.  They  are  well  exposed  at  Dolgelly  and 
Ffestiniog,  and  are  classified  as  follows  by  Mr.  E^lt : — 

Fe«t. 
Upper  or       (  Soft  black  slates,  with  Olenus  acarabaoides  300 

Doigelly.       )  Hard  blue  slates,  with  OUnus  aptnulottts  .        .       300 
Middle  or      (^^^^Srey^H^,withOlmwmicrurus   .        .         60 
i?4u^«;r«<»     1  Grej  mtcaceous  fliags,  with  Hymenocana  ver- 
riestmiog      y        micauda 2,000 

Ii)wer  or       f  Black  slates  and  flags,  with  02mtf«  ^i66anM  1,800 

w^^  . „  -|  Sandstones  and  slaty  beds,  with  OUnus  catct- 

Maentwrog.^         ^^^         .        f       .....       700 

5,150 

In  Carnarvonshire  the  Lingula  flags  thin  out  japidly 
toward  the  Pre-Cambrian  axis ;  near  Llanberis  their  thick- 
ness is  only  2,300  feet,  and  near  Bangor  they  are  altogether 
absent;  neither  do  they  occur  in  Anglesey.  The  most 
northerly  point  to  which  the  group  has  been  traced  is 
Maes-y-Gkier,  near  Aber,  where  they  rest  on  grits  which 
are  supposed  to  belong  to  the  Harlech  Series.  West  of 
this  there  is  only  a  conglomerate  between  the  Arenig  and 
the  Pre-Cambrian  rocks. 

Tremadoc  Series. — ^At  Tremadoc  and  throughout 
Merioneth,  these  beds  are  about  2,000  feet  thick,  and  are 
similar  to  those  of  South  Wales,  but  more  fossiliferous. 
They  must,  however,  thin  r^,pidly  to  the  north-west,  for  they 
do  not  appear  to  exist  in  the  Llanberis  district,  and  are 
certainly  absent  in  the  Bangor  and  Carnarvon  area,  where 
the  conglomerate  at  the  base  of  the  Arenig  slates  rests 
against  the  old  Pre-Cambrian  ridge,  see  fig.  2. 

At  Triorwerth,  in  Anglesey,  Dr.  Callaway '  found  Orthis 
Caratttii  and  some  obscure  Trilobites  (Niobe,  Neseuretus, 
Asaphus  ?)  in  grits  overlying  the  basal  conglomerates  of 
that  island,  but  it  is  uncertain  whether  they  are  Tremadoc 
or  Arenig  species. 


1    M 


Qnart.  Joum.  Geol.  Soc.,''  vol.  xxxri.  p.  237,  and  vol.  xl.  p.  579. 
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3.  Shropshire. 

The  Cambrian  rocks,  which  plunge  beneath  the  Ordo- 
yician  in  Merioneth,  and  lie  deep  below  the  Silurians  of 
Montgomery,  rise  again  to  the  surface  in  Shropshire,  and 
form  the  tract  known  as  the  Longmjnd  Hills.  Between 
the  ridge  called  the  Stiper  Stones  and  the  town  of  Church 
Stretton,  the  Cambrian  tract  has  a  width  of  nine  or  ten 
miles ;  its  western  border  stretches  north-east  nearly  as  far 
as  Shrewsbury,  and  its  eastern  flank  is  bordered  by  the 
ArchsBan  ridges,  which  extend  as  far  as  the  Wrekin.  From 
these  ridges  (Caer  Caradoc,  &c.),  narrow  strips  of  Cam- 
brian rock  are  thrown  off,  which  plunge  beneath  the  Ordo- 
vician  rocks  of  Hoar  Edge. 


Stiper  Stones. 


Longmynd. 


Caer  Caradoc.     Hoar  Edge 


&c^ 


e/A»/  B  B  / 

Fig.  6.    Generalized  Section  through  the  Longmynd  Hills. 


B.  Caradoc  Sandstone. 
D.  Arenig  Beds, 
c^.  Shineton  Shales, 
c'.  Hollybnsh  Sandstone, 
c^  Quartzite. 


B  B.  Longmynd  Series. 
a\  Chief  Archaean  axis. 
A^  Westeorn  Archaean  axis. 
/.  Faults. 


The  section,  fig.  6,  illustrates  the  structure  of  this  district, 
and  has  been  drawn  from  a  sketch  kindly  furnished  by 
Dr.  Callaway,  to  whom  we  are  chiefly  indebted  for  our 
knowledge  of  the  rocks  it  contains. 

Lower  Cambrian  Series. — The  whole  of  the  Long- 
mynd area,  lying  between  the  two  Archaean  axes,  consists 
of  hard  red  sandstones  and  conglomerates,  grey  grits  and 
purple  slates,  which  are  supposed  to  be  the  equivalents  of 
the  Harlech  group.  Neither  top  nor  base  is  seen,  and  yet 
the  sections  of  the  Geological  Survey  (sheets  34  and  36), 
show  an  apparent  thickness  of  23,000  and  28,000  feet.  It 
is  possible,  however,  that  the  surveyors  were  deceived  by 
the  prevalent  dip  to  the  north-west,  and  that  the  beds  are 


"\ 
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really  repeated  by  a  series  of  isoclinal  folds  along  the 
eastern  flank.  ^  Further,  Dr.  Callaway  is  of  opinion  that 
on  the  western  flank  there  is  a  wide  synclinal  flexure,  and 
that  the  conglomerate  of  the  central  ridge  reappears  near 
the  western  margin.  If  these  surmises  are  correct,  the 
estimated  thickness  is  much  too  great,  and  the  amount  is 
probably  within  10,000  feet.  The  boundaries  on  each  side 
appear  to  be  faults. 

Upper  Cambrian  Series. — The  Caradoc  Archaean  is 
flanked  on  its  south-east  side  by  a  quartzite  of  doubtful 
age,  containing  pebbles  derived  from  the  Archaean  mass. 

This  is  succeeded  by  greenish  micaceous  sandstones, 
which  are  identified  with  the  Hollybush  sandstone  of 
Malvern  and  Middle  Lingula  Flags  of  Wales.  They  con- 
tain KiUorgina  cingulata  in  abundance.  Outside  these  are 
dark  blue  micaceous  shales,  termed  the  Shineton  shales  by 
Dr.  Callaway,  which  contain  a  fauna  of  Tremadoc  affinities. 
Commencing  on  the  south  side  of  the  Wrekin,  these  shales 
stretch  to  the  south-west  between  Dryton  and  Shineton, 
as  far  as  Evenwood.  Most  of  the  species  described  by 
Dr.  Callaway  (Q.J.G.S.,  vol.  xxxiii.  p.  652)  are  new,  but  the 
occurrence  of  JDictyonema  socude,  Asaphus  Homfrayi,  with 
species  of  Olenus  and  Conoearifphe  are  sufficient  to  deter- 
mine the  age  of  the  beds. 

It  is  remarkable  that  in  the  Longmynd  area  there  should 
be  such  a  thickness  of  Lower  Cambrian  rocks  between  the 
two  Archaean  axes,  while  no  trace  of  them  has  been  found 
outside  these  axes.  On  the  north-west  side  the  junctions 
are  faults,  and  these  lower  beds  might  be  concealed,  but 
on  the  eastern  side  we  have  Upper  Cambrian  resting  directly 
on  the  Archaean  without  the  intervention  of  the  Longmynd 
rocks.  It  would  thus  appear  that  there  is  a  break  between 
the  Lower  and  Upper  Cambrian  of  Shropshire,  and  that 
during  the  deposition  of  the  Menevian  and  Lower  Lingula 
Flags  in  North  Wales,  the  block  composed  of  Longmynd 
and  Archaean  rocks  was  elevated  above  the  sea  and  formed 
a  promontory  or  island,  which  was  only  again  submerged 
at  the  close  of  the  Lingula  Flag  period,  when  the  Holly- 
bush  Sandstone  was  deposited  against  its  sinking  shores. 

^  These  are  inserted  in  the  section  on  my  own  responsibility,  and 
oterely  as  diagrammatic  suggestions. 
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In  this  supposition  of  a  break  between  the  two  groups, 
Dr.  Callaway  informs  me  that  he  is  disposed  to  concur ; 
but  the  district  requires  further  investigation.  The  Bohe- 
mian succession  presents  an  analogous  case  (see  p.  77), 


4.  Wabwickshibe. 

Nuneaton  District. — Messrs.  Lapworth  and  Harrison 
have  recently  discovered  Upper  Cambrian  rocks  on  the 
eastern  side  of  the  Warwickshire  Coalfield,  where  they 
occupy  a  tract  some  ten  or  twelve  miles  long  by  two  in 
width,  and  had  previously  been  mistaken  for  altered  Car- 
boniferous rocks. 

They  fall  into  two  main  divisions. 

Feet. 

Stockingford  shales,  red,  grey,  and  black  .    2,000 

HartshiU  quartzite 1,000 

"  The  lowest  zone  of  the  quartzite  is  a  coarse  breccia  made 
up  of  fragments  of  red  and  green  felspathic  rocks,  slaty 
shales,  and  various  quartz  porphyries.  These  have  appa- 
rently been  derived  from  an  older  series  of  igneous  and 
altered  strata,  a  few  beds  of  which  may  be  seen  rising  out 
from  below  the  basal  quartzites  in  the  slopes  near  Calde- 
cott  House,  Nuneaton. 

"  The  upper  beds  of  the  quartzite  pass  up  by  gradual  in- 
tercalations of  argillaceous  matter  into  the  basement  zone 
of  the  Stockingford  Shales.  This  consists  of  purple  sand- 
stones and  shales,  crowded  with  examples  of  small  Brachio- 
poda  of  the  genera  Lingvlella  and  OholeUa,  The  higher  divi- 
sions of  the  Stockingford  Shales  are  grey  and  black  shales 
containing  Agnostus  pisiformis  and  Beyrichia  Angelini ; 
these  beds  are  faulted  down  in  a  long  curved  strike-fault 
against  the  coal-bearing  beds  of  the  Upper  Carboniferous." ' 

5.  The  Malvebn  Hills. 

In  this  district  Cambrian  rocks  rest  against  the  western 
flank  of  the  Archsean  axis,  but  there  is  nothing  to  represent 

*  Lapworth,  "  Proc.  Birm.  Phil.  Soc./'  vol.  iii.  p.  237. 
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the  thick  series  of  the  Ijongmjnd  area,  equiyalents  of  the 
Upper  Cambrian  only  being  found,  and  these  correspond 
generally  with  the  Shropshire  tjpe.  Dr.  HoU  was  the  first 
to  identify  the  Malyem  Cambrians. 

Hollybush  Sandstones. — These  beds  are  coarse 
greenish  sandstones,  conglomeratic  where  they  rest  upon  the 
ArcluBan  gneisB,  and  evidently  derived  from  its  detrition. 
They  are  doubtless  shore  deposits  of  Lingula  Flag  age,  and 
if  they  could  be  followed  westward  they  would  probably  be 
found  to  thicken  considerably ;  but  as  exposed  they  f oi*m 
only  a  narrow  strip,  and  their  observed  thickness  is  not 
more  than  600  feet.  The  principal  fossil  is  Kutorgina  cin- 
giulaia. 

Malvern  Shales. — These  succeed  the  sandstones,  and 
consist  of  black  and  grey  shales,  with  a  total  thickness  of 
about  1,000  feet.  Their  lower  and  darker  portions  are 
probably  equivalent  to  the  Upper  Lingula  Flags  or  Dol- 
gelly  group,  for  they  contain  Olenus  spinulosua,  0.  bisulcattts^ 
and  Agnosius  princeps ;  but  the  upper  600  feet  of  paler 
ahale,  as  seen  in  the  valley  of  the  White-leaved  Oak,  may 
be  of  Lower  Tremadoc  age.  These  upper  shales  are  cer- 
tainly the  same  as  the  Shineton  shale  of  Shropshire,  for 
they  contain  Dietyonema  sodale  and  two  of  the  Shineton 
TWobites,  Aaaphus  Croftii  and  Conophrys  salopiensia. 


6.  The  Lake  District. 

No  base  has  been  found  to  the  fossiliferous  rocks  of  this 
district,  but  the  lowest  beds  occur  in  Cumberland,  and  are 
dark  grey  slates  and  flags,  which  were  first  described  by 
Professor  Sedgwick,  and  by  him  named  the  Skiddaw 
Slates. 

This  series  has  a  thickness  of  about  1 0,000  feet,  and  the 
fossils  of  the  central  and  upper  portions  are  certainly 
Areoig  and  Llandeilo  forms.  Mr.  J.  C.  Ward,  however, 
thought  that  the  base  of  the  Arenig  series  was  to  be  found 
in  a  certain  bed  of  grit,  and  that  the  lowest  part  of  the 
ftiddaw  Slates  was  consequently  of  Upper  Cambrian  age. 
This  portion  he  subdivided  as  follows : — 
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3.  Dark  Slates. 

2.  Sandstone  Series  of  Grassmoor  and  Whiteside. 

1.  Dark  Slates  of  Kirk  Stile. 

He  believed  that  the  lowest  beds  represented  the  Lingula 
Flags,  but  no  fossils  have  yet  been  found  in  them.     The 
*  dark  slates  (No.  3)  have  yielded  Niohe  Doveri  and  Cyhele 

ovata,  but  these  do  not  occur  in  Wales. 


7.  Ireland. 

In  the  south-east  of  Ireland,  and  therefore  opposite  the 
coasts  of  Wales,  rocks  of  Lower  Cambrian  age  are  found, 
and  are  overlain  unc<Miformably  by  Ordovician  rocks,  the 
Upper  Cambrian  being  absent.  In  Galway,  on  the  other 
hand,  the  rocks  are  supposed  to  belong  to  the  upper  divi- 
sion. 

Wicklow. — A  good  section  is  presented  by  the  cliffs  at 
Bray  Head  (13  miles  south-east  of  Dublin).  Here,  at  the 
northern  end,  are  red,  purple,  and  green  slates  and  grits,  suc- 
ceeded on  the  south  by  alternating  grits  and  shales.  The 
beds  are  bent  in  numerous  sharp  folds,  so  that  the  real  thick- 
ness is  much  less  than  appears  at  first  sight.  Jukes  and  Du 
Noyer  estimated  the  exposed  succession  at  between  3,000 
and  4,000  feet ;  but  the  base  is  not  shown,  neither  is  the  top 
actually  visible.  No  fossils  have  been  found  in  these  rocks, 
except  Annelid  tracks  and  the  curious  bodies  known  as 
Oldhamia,  but  on  general  grounds  they  are  correlated  with 
the  Harlech  Series. 

Wexford. — In  this  county  there  is  a  still  larger  area  of 
Cambrian.  Slates  and  grits  similar  to  those  of  Wicklow, 
and  containing  Oldhamia^  occupy  nearly  all  the  coast-line 
from  Cahore  Point  to  Fethard,  and  the  apparent  thickness 
is  estimated  at  12,000  feet,  though  faults  are  frequent. 

Galway. — In  Connemara  there  is  a  thick  series  of  par- 
tially metamorphosed  rocks  underlying  beds  with  Llan- 
deilo  fossils,  and  therefore  probably  of  Upper  Cambrian 
date.  They  are  exposed  along  the  axis  of  a  great  anticlinal 
flexure,  which  strikes  E.S.E.  from  Clifden  to  Oughterard, 
and  they  consist  mainly  of  quartzites  and  micaceous  slates. 
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with  seTeral  bands  of  marble,  including  that  known  as 
Connemara  marble.  The  thickness  is  given  bj  Kina- 
han  as  8,000  feet.  A  section  through  this  district  is 
given  by  Sir  R.  Murchison  in  his  "  Siluria"  (4th  edition, 
p.  180),  but  the  beds  in  question  are  there  referred  to  the 
Ordovician  (Lower  Silurian). 


'.vj. 


"■  I.  1 


8.   NOBTH    ScOTI«AND. 

Torridon  Sandstone. — Besting  unconformably  upon^  ^-^  _ 
the  Archsean  gneiss  in  the  north-west  of  Scotland  Ues  the^V '*•/? 
thick  group  of  reddish-brown  conglomerates  and  sandstonej^|^^^ 
for  which  the  above  name  is  a  convenient  designation.  Ai  " 
no  fossils  have  yet  been  found  in  it,  and  as  it  is  succeeded' 
unconformably  by  rocks  containing  Ordovician  fossils,  thef:^**^" ';'^j  ^ 
precise  age  of  the  Torridon  Sandstone  is  uncertain,  but  if  *p^ '**'/" 'p 
is  usually  regarded  as  Cambrian,  an  assumption  which  ""'^"^  "^^ 
finds  some  confirmation  in  the  Swedish  succession  (see J" 
p.  /o). 

At  its  base  there  are  sometimes  breccias  containing  large 
imgular  blocks  of  Archaean  gneiss,  and  Dr.  Geikie  observes 
that  at  such  localities  the  Archaean  surface  is  moulded  into 
rounded  dome-like  bosses,  which  forcibly  recall  the  roches 
mouionnees  of  modem  glaciated  countries,  and  suggest  the 
existence  of  glaciers  at  this  early  period  of  the  earth's 
history.  In  the  western  districts  the  coarse  red  sandstones 
which  form  the  mass  of  the  formation  lie  in  nearly  hori- 
zontal beds,  and  form  exceedingly  picturesque  scenery, 
rising  into  bold  escarpments  and  isolated  pyramidal  masses, 
as.  for  instance,  at  Applecross ;  but  more  to  the  eastward 
they  are  affected  by  the  great  disturbances  and  overthrusts 
which  appear  to  have  resulted  in  the  metamorphism  of  the 
Highland  rocks.  Indurated  portions  of  the  Torridon  sand- 
stone are  thrust  upwards  and  westwards  with  the  Archaean, 
10  that  both  overlie-  the  Ordovician  (see  fig.  14),  and  as 
they  are  traced  eastward  they  present  evidence  of  intense 
l^^sure  and  shearing  force,  assuming  a  foliated  structure 
vith  a  development  of  mica  along  the  divisional  planes,  and 
finally  passing  into  frilled  micaceous  schist.  The  strati- 
graphy of  this  district  has  only  recently  been  worked  out. 


/ 
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partly  by  the  labours  of  Professor  Lapworth  and  other 
geologists,  and  partly  by  Messrs.  Peach  and  Home,  of  the 
Geological  Survey. 


Foreign  Equivalents. 

Europe. 

Scandinavia. — Here  it  is  interesting  to  note  that, 
while  in  Norway,  Scania,  and  Westrogothia,  there  is  a 
marine  sequence  representing  both  Lower  and  Upper 
Cambrian,  in  Dalecarlia  (Sweden)  there  is  only  a  red 
unfossiliferous  sandstone  like  that  of  North  Scotland,  suc- 
ceeded unconf  ormably  by  conglomerates  and  a  limestone 
with  fossils  of  Ordovician  type.  The  normal  marine  series 
of  Scandinavia  is  : — 

Ceratopyge  Limestone  and  Die  |       Tremadoc. 

tyonema  Schists  j 

Olenus  Schists  =  Lingula  Flags. 

Paradoxides  Schists  =  Menevian. 

Facoid  and  Eophyton  Sandstones  =  Harlech  Series. 

Belgium  and  North  France. — Cambrian  rocks  occur 
in  the  centre  of  the  Ardennes,  and  are  divided  by  Dumont 
into  three  groups  as  below : — 

3.  Salmien :  quartz  schists,  with  Lingula  and  Para- 
doxides. 

2.  Bevinnien:  dark  slates  and  quartzites,  Dictyonema 
sociale. 

1.  Devillien :  greenish  quartzites  and  pale  slates.  Old- 
hamia  radiata. 

Bohemia. — ^The  name  of  Barrande  is  as  inseparably 
-connected  with  the  lower  Palaeozoic  rocks  of  Bohemia  as 
the  names  of  Sedgwick  and  Murchison  are  with  the  same 
rocks  in  Britain.  Barrande  established  the  Bohemian 
sequence  on  a  firm  palseontological  basis,  and  adopted  the 
nomenclature  of  Murchison,  but  recognized  a  group  in- 
ferior to  the  Lower  Silurian,  calling  it  the  Primordial 
Silurian,  and  marking  it  as  Stage  C  in  his  local  succession. 
The  fossils  of  this  stage  are  like  those  of  our  Menevian, 
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and  some  of  them  are  specifically  identical  with  those  of 
the  Paradoxides  beds  of  Scandinavia. 

The  Bohemian  stages  comparable  to  our  Cambrian 
are: — 

id,  1.  /3. :  pisolitic  ironstones  =  Tremadoc. 
Stage  D.  <  d,   1.  a. :    conglomerates  1     _^  j  •       i    pi 

Stage  C.  Grey  and  black  shales  =  Menevian. 

Stage  B.  Conglomerates,  grits  and  shales  =  Harlech. 

The  two  lower  stages  only  occupy  a  small  area,  deposited 
in  a  hollow  or  valley  between  slopes  of  Archaean  rock. 
Stage  D  rests  unconformably  upon  C,  and  overlaps  it  on 
to  the  Pre-Cambrian  rock  just  as  the  HoUybush  Sand- 
stone comes  to  rest  against  the  Archeean  of  Shropshire 
and  the  Malvems. 

Amebica. 

In  spite  of  the  excellent  work  done  by  many  American 
geologists,  the  true  sequence  of  their  oldest  fossiliferous 
rocks  still  remains  to  be  determined.  The  equivalents  of 
Sedgwick's  Lower  and  Middle  Cambrian  were  clearly  in- 
cluded in  the  Taconic  System  of  Dr.  Emmons.  This 
system  he  founded  in  1842,  and  defined  in  1859  as  con- 
sisdng  of  a  Lower  and  Upper  series,  the  latter  containing 
a  "  Primordial,"  or  "  Sub- Silurian,"  fauna.  His  views,  how- 
ever, were  not  adopted  by  the  officers  of  the  Geological 
Survey  of  Canada,  who  ignored  the  Taconic  System,  ab- 
sorbing its  upper  portion  into  the  Silurian,  and  giving  a 
new  name  (Huronian)  to  the  lower  division. 

M.  Marcou  has  recently  published  an  elaborate  defence 
of  the  Taconic  System,^  and  has  succeeded  in  showing  there 
is  an  extensive  series  of  rocks  in  eastern  America  belong- 
ing to  the  Upper  Taconic  of  Emmons,  and  that  it  contains 
three  different  fossil  assemblages,  which  he  terms  Infra- 
primordial,  Primordial,  and  Supra-primordial  faunae.  The 
bvest  beds  are  thickest  and  most  fossiliferous  in  New- 
fonndland  and  New  Brunswick,  and  are  as  follows : — 

^  ^Vtoc,  Am,  Acad,  of  Arts  and  Sc.,"  New  Series,  1885,  toI.  xii. 
M74. 
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4.  Slates,  with  Olenellus,  at  Belle  )       t  •       i     th 
l8le  straits  ,    }  =  Singula  Flags. 

3.  Acadian    Group,    with     Para^  \       t», 

doxides,  3,000  ft.  I  =  Menevian. 

2.  Eophyton  Sandstone,  with  Lin- 
gulella  spissa,  Cruziana  aimilis, 
and  Eophyton,  1,500  ft.  y  =  Harlech. 

1.  Arenicolite  slates,  with  Agpi- 
della,  1,000  ft. 

All  these  groups,  however,  thin  out  to  the  westward, 
and  the  beds  which  rest  upon  the  Archaean  rocks  of  eastern 
Canada  are  sandstones,  with  KtUorgina  cinguUUa  (Potsdam 
sandstone),  and  homotaxial  with  our  Hollybush  sandstone. 
They  are  about  500  feet  thick,  and  are  succeeded  bj  the 
Levis  limestone,  containing  Bikelocephalvs  (=  Tremadoc). 
In  western  Canada  and  New  York  the  same  Potsdam 
sandstone  is  succeeded  by  a  calcareous  sandstone,  which  is 
probably  the  equivalent  of  the  Levis  beds,  but  contains 
few  Trilobites. 

Physical  Geography, 

The  tracts  of  Cambrian  rock  which  are  now  exposed  to 
view  are  so  small  and  isolated,  and  we  know  so  little  of 
their  subterranean  extension,  that  it  would  be  rash  to 
attempt  more  than  a  very  general  sketch  of  the  arrange- 
ment of  land  and  water  during  the  period. 

Li  the  first  place,  we  may  notice  that  there  appear  to  be 
three  distinct  types  of  Cambrian:  (1),  the  Scotch,  or 
Caledonian  type ;  (2),  the  Lish,  or  Hibernian ;  (3),  that 
of  Wales  and  England,  which  may  be  termed  the  Cambro- 
Mercian  type. 

Professor  Hull  has  dwelt  upon  the  differences  between 
the  Caledonian  and  the  more  southern  types,  supporting 
Ramsay's  suggestion  that  the  former  was  deposited  in  a 
lake-basin,  and  concluding  that  land  (formed  of  Archaean 
rocks)  existed  over  the  greater  part  of  Scotland  and  North 
Lreland,  with  a  coast-line  trending  from  N.E.  to  S.W. 
He  believes  tljiat  continental  land  occupied  the  area  of  the 
North  Atlantic,   and    that  an  open   (though,   probably, 
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shallow)  aesk  laj  to  the  east  and  south-east  of  that  con- 
tinent. The  land,  he  says,  was  "probably  disposed  in 
ridges  and  hollows,  trending  in  directions  parallel  to  that 
of  the  Outer  Hebrides  and  of  the  Archaean  ridge  which  I 
have  described  as  traTersing  the  British  Islands.  Between 
these  ridges  lakes  or  arms  of  the  sea  may  haye  been  inter- 
poseci. 

As  to  the  position  of  the  ridges  in  the  English  area,  such 
evidence  as  we  possess  favours  the  general  disposition  in- 
dicated by  Professor  Hull.  The  Cambrian  rocks  appear 
to  attain  their  fullest  development  in  Wales  and  Shrop- 
^dre ;  thence  they  thin  out  rapidly  to  the  north-west,  andall 
but  the  Tremadoc  are  absent  in  Anglesey  ;  each  division 
appears  to  overlap  the  beds  below,  but  the  conglomerate 
forms  a  persistent  base  (see  fig.  2).  Consequently,  we 
may  assume  that  the  beds  thin  out  against  an  Archaean 
ridge ;  and  Dr.  Callaway  remarks  that  if  we  prolong  the 
strHkC  of  the  Bangor  and  Anglesey  ridge,  it  points  south- 
westward  to  the  Camsore  district  (Wexford  county),  where 
metamorphic  rocks  occur  which  may  be  Archaean.^  How- 
ever this  may  be,  it  is  pretty  clear  that  a  ridge  of  such 
rock  ran  obliquely  across  what  is  now  the  Irish  Channel, 
separating  (partially,  at  any  rate)  the  Irish  and  Welsh 
areas  of  deposition,  and  remaining  above  water  until  the 
Tremadoc  period.  This  being  so,  the  Irish  Cambrians 
were  doubtless  deposited  in  a  g^uK  or  sea-space  between 
this  ridge  and  the  main  coast-fine  running  through  the 
north  of  Ireland,  but  whether  the  ridge  was  an  island,  or 
was  a  promontory  imited  to  the  mainland,  we  cannot  at 
present  say. 

The  structure  of  the  Malvern  Hills  suggests  that  the 
Archaean  rocks  formed  an  island  there  up  to  the  middle 
of  the  Cambrian  period,  and  it  is  clear  that  the  older  rocks 
then  extended  much  farther  eastward  and  northward.  In 
the  Longmynd  area  there  is  evidence  of  upheaval  before 
^  Holly  bush  sandstone  was  formed,  but  we  are  at  present 
quite  ignorant  how  far  the  Lower  Cambrian  rocks  (Harlech 
and  Menevian)  extended  to  the  eastward.     The  evidence, 


"Contribs.  to  the  Phys.  Hist,  of  the  Britiah  Isles,"  1882,  p.  61. 
'*  Quart.  Joum.  Geol.  Soc.,"  vol.  xl.  p.  582. 
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however,  of  the  Shropshire,  MalTem,  Liekej,  and  Nuneaton 
sections,  taken  together,  suggests  that  if  this  lower  series 
was  deposited,  it  was  subsequently  destroyed  by  elevation 
and  erosion,  so  that  the  whole  region  formed  a  land  sur- 
face at  some  time  previous  to  the  deposition  of  the  Holly- 
bush  sandstone. 

We  thus  obtain  glimpses  of  a  main  coast-line,  two  gulfs, 
or  narrow  sea-spaces,  and  two  promontories,  or  islands, 
during  the  Cambrian  period ;  but  we  must  wait  for  more 
knowledge  before  we  can  attempt  to  realize  the  connected 
outlines  of  this  dim  and  misty  scene. 

The  earth-movements  indicated  by  the  lithological 
changes  in  the  vertical  succession  of  the  Cambrian  beds 
are  in  agreement  with  the  foregoing.  The  basal  conglo- 
merate, and  its  mode  of  occurrence,  show  that  the  Arcluean 
ridges,  which  at  the  commencement  of  the  period  raised 
their  summits  high  above  the  sea-level,  were  gradually 
submerged  till  the  intervening  spaces  were  covered  by  seas, 
in  which  a  depth  of  10,000  to  12,000  feet  of  sediment  was 
accumulated  (the  Harlech,  Menevian,  and  Lower  Lingula 
Fla^s).  The  sandy  deposits  of  the  Ffestiniog  Flags,  and 
their  correlatives  the  HoUybush  Sandstones,  indicate  the 
setting  in  oi  a  reverse  movement,  during  which  the  areas 
of  deposit  wert?^  narrowed  and  the  ridges  broadened  by 
elevation. 

The  Dolgelly  and  •J!iremadoc  Beds  indicate  deeper  water, 
and  a  second  period  of\depression,  which  seems  to  have 
continued  tiU  all  the  rid^s  and  islands  were  submerged, 
and  a  continuous  open  sea  sphg^ad  over  the  whole  of  England 
and  Wales.  \ 

It  is  also  worthy  of  notice  ttt&t  the  supposition  of  an 
Atlantic  continent,  with  a  coast^ne  trending  south-east- 
ward toward  tropical  regions,  wili\^xplain  much  that  is 
mysterious  in  the  existence  of  so  mal^J  different  classes  of 
animals  in  the  Lower  Cambrian  rocEs  of  Wales.  For,  if 
we  suppose  this  continent  to  have  had  ?  roughly  triangular 
shape  (like  modem  Africa  or  America),  ^-nd  to  have  ended 
southwards  in  the  equatorial  zone,  th®  conditions  at  its 
southern  termination  would  be  emine.^%  favourable  for 
the  evolution  and  dispersal  of  life-fP"^^;  ^^^7  would 
naturally  migrate  northwards  along  th®  coast-lines  of  the 
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contment,  and  would  arrive  in  both  the  British  and 
American  areas  about  the  same  period  of  time.  It  is  at 
any  rate  a  fact  that  the  fossils  found  in  British  and 
American  Cambrians  closely  resemble  one  another ;  and  in 
both  countries  many  distinct  and  well-marked  forms  of 
life  suddenly  appear  on  the  scene  without  the  previous  occur- 
rence of  any  forms  which  we  could  regard  as  their  ancestors. 

If,  however,  these  forms  were  developed  in  a  distant 
region,  and  had  time  for  further  modification  and  differen- 
tiation during  the  progress  of  their  migration  from,  that 
region  into  the  British  and  American  areas,  the  apparent 
mystery  is  to  a  great  extent  explained. 

Dr.  Hicks ^  was,  I  believe,  the  first  to  suggest  that  "  the. 
home  of  the  earliest  forms  of  life  seems  to  have  been  some- 
where towards  the  south-west,  and  possibly  not  far  from 
the  equator;"  and  he  remarks  in  confirmation  that  the 
higher  invertebrates  (Lamellibranchs,  G^steropods,  and 
C^halopods)  appear  in  the  western  areas  (Spain  and 
Wales)  at  an  earlier  period  than  they  do  in  the  north- 
eastam  (Sweden  and  Russia). 

1  M  Quart.  Joum.  Gred.  Soc.,"  voL  xxxi.  p.  555.  Hicka,  howerer, 
supposes  the  Atlantic  to  haye  been  an  ocean  then  as  now,  and  the 
European  land  to  have  Iain  eastward  of  Britain. 
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OBDOVICIAK    SYSTEM. 


(LowEB  SiLUBiAN,  Murchlsoii  and  Gfeological  Survej.) 
(Uppsb  Cambbiak,  Sedgwick.) 

Nomenclature  and  Divisiona, 


THE  grounds  on  which  this  system  has  been  established 
have  already  been  explained  (p.  57),  and  in  this  place 
it  is  only  necessary  to  indicate  the  major  diyisions  or  series 
into  which  the  system  has  been  divided.  Here,  again,  the 
nomenclatures  used  by  Sedgwick,  Murchison,  and  other 
geologists  are  so  different  that  I  shall  employ  the  simple 
terms,  Lower,  Middle,  and  Upper,  retaining  the  terms 
deriTed  from  localities  for  the  names  of  the  load  groups  in 
each  district.  The  classification  in  the  typical  areas  will 
then  stand  thus : — 


Upper. 

Middle. 
Lower. 


Wain. 
Bala  Beds. 

Uandeilo  Flags. 
Arenig  Slates. 


£noland. 

Shropshire. 

Caradoc    Sand- 
stone. 

Llandeilo  Flags. 
Shelve  Beds. 


Lake  District. 
I  AshgUl  Shales. 
\  Coniston  Limestone. 

Borrowdale  Series. 

Skiddaw  Slates. 


Upper. 

Middle. 

Lower. 


South  Scotland. 


Moffitt  Area. 
Hartfell  Shales. 
Glenkiln  Shales. 

(Not  reoogniaed.) 


Oirran  Area. 
Ardmillan  Series. 
Stinchar  Beds. 
Ballantrae  Series  (in  part). 


Range  and  Relation  to  Roche  below. 

The  surface  extent  of  the  Ordovician  rocks  is  much 
greater  than  that  of  the  Cambrian.    They  occupy  a  large 
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part  of  Wales  stretching  continuously  from  Pembrokeshire 
through  Caermarthen,  Cardigan,  Badnor,  Montgomery, 
Merioneth,  and  Denbigh.  Passing  eastward  beneath  the 
lower  beds  of  the  Silurian  in  Montgomery,  they  rise  again 
to  the  surface  in  Shropshire,  and  form  the  Comdon  and 
Caradoc  tracts,  on  either  side  of  the  Longmynd  Hills. 

Ordovician  fossils  were  found  by  Professor  Sedgwick  in 
(k^mwall,  but  the  stratigraphy  of, the  rocks  containing 
them  has  not  yet  been  worked  out.         v  x  ^       4,. 

Bocks  of  this  age  occupy  a  large  part  of  the  Lake  Dis- 
trict, where  they  were  first  studied  by  Sedgwick.  The  Isle 
of  Man  is  an  isolated  fragment  of  this  Cumbrian  area; 
while,  to  the  eastward,  in  Yorkshire,  some  small  inlying 
exposures  occur,  proving  the  extension  of  Ordovician  rocks 
beneath  the  newer  strata  in  that  direction. 

In  the  south  of  Scotland,  Ordovician  and  Silurian  rocks 
range  across  from  Wigtown  to  Berwickshire,  and  form  the 
mass  of  the  southern  highlands,  their  northern  boundary 
being  generally  the  great  line  of  fault  which  runs  from 
Girvan  in  Ayr  to  the  Lammermuir  Hills.  In  the  north- 
western highlands  Ordovician  strata  occur  at  Ass}iit  and 
Durness,  resting  upon  Archaean  and  Cambrian  rocks,  and 
covered  in  places  by  sheets  of  overthrust  metamorphic 
rocks  (see  fig.  14).  It  is  believed  by  some  geologists  that 
strata  of_Qrdorician  age  are  included  amongjhemetemor- 
^c  rpckfl-Qt the  central  highlSadi7T5nt^  remains  to^be 
proved. 

In  Ireland  there  are  five  principal  districts  where  Ordo- 
vician rocks  occur :  (1)  in  Wicklow,  Wexford,  and  Water- 
ford,  (2)  in  South  Ulster,  (3)  in  North  Ulster— Donegal 
and  Londonderry,  (4)  in  Mayo  and  G^lway,  (5)  in  Clare 
and  Tipperary.  The  first  of  these  areas  is  opposite  the 
coast  of  Wales ;  the  second  is  certainly  a  continuation  of 
the  southern  highlands  of  Scotland  ;  the  next  two  may  be 
iBgarded  as  a  prolongation  of  the  range  of  the  northern 
lughlands ;  the  last  is  a  group  of  hill  ranges  rising  from  the 
oentral  plain  of  Ireland. 

Wherever  the  Upper  Cambrian  series  is  present,  the 
West  member  of  toe  Ordovician  succeeds  in  conformable 
iequence ;  but  whenever  the  Upper  Cambrians  are  absent, 
as  in  south-east  Ireland  and  in  Scotland*,  the  Ordovician 
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rests  unconformably  either    upon    Lower   Cambrian   or 
Archaean. 

As  regards  their  subterranean  extension,  it  is  probable 
that  they  have  a  wider  spread  beneath  the  overljing  strata 
than  any  other  system  in  Britain.  Originally  they  must 
have  spread  over  nearly  the  whole  of  the  British  area ;  and, 
as  far  as  we  know,  the  tracts  from  which  they  have  been 
removed  by  erosion  are  comparatively  small. 


Life  of  the  Period. 

The  line  of  separation  between  the  Cambrian  and  Ordo- 
vician  systems  is  drawn  at  the  base  of  the  Arenig  rocks  in 
Wales,  because  there  is  a  palaeontological  break  between 
them  and  the  Tremadoc  slates  ;  no  fewer  than  forty  new 
genera  and  133  new  species  appear  in  the  Arenig,  while 
only  twenty-three  genera  and  sixteen  species  pass  up  from 
the  Tremadoc.  It  is  true  there  is  a  similar  break  between 
the  Arenig  and  Llandeilo  faunas,  only  nine  species  passing 
from  one  to  the  other ;  but  the  two  series  are  united  by 
having  many  genera  of  Graptolites  and  Trilobites  in 
common,  the  general  aspect  of  the  Arenig  and  Llandeilo 
fossils  being  in  fact  very  similar. 

The  palseontological  relations  of  the  three  series  are 
shown  by  the  following  figures,  the  numbers  after  the 
brackets  being  the  number  of  species  or  genera  which  are 
common  to  the  bracketed  formations.^ 

Total  of  Total  of 

known  species.  known  genera. 

Tremadoc        .        *    86  .    .  .     33  x 

Arenig    .        .        .  150  {     .  .    63  ] 

>  9  >  33 

Llandeilo         .        .  175  ^    .  .    80  ^ 

*  The  generic  numbers,  23  and  33,  are  obtained  by  deducting  the 
number  of  new  genera,  40  and  47  respectiTely,  from  the  totals  63  and 
80.  Mr.  Etheridge's  tables  show  only  12  genera  passing  from  the 
Tremadoc  to  Arenig  and  only  8  from  Arenig  to  Llandeilo,  but  these  are 
merely  the  genera  to  which  the  species  passing  from  one  to  the  other 
happen  to  belong ;  many  genera  pass  besides  these. 


Fi^.  7.    MoUusca  of  the  Bala  Rocks. 

a.  Orthis  flabellulum.  d.  Modiolopais  expanaa. 

b.  Orthis  elegantula.  e,  Holopea  concinna. 

c.  CtenodoDta  semitrancata.  /.  Lituites  Hibemicus. 


d  f  g 

Fig.  8.    Ordovician  Trilobites. 

a.  Asaphus  tyrannus.  d.  Phacops  Brongniarti. 

6.  Ogygia  Buchii.  e,  Agnostns  trinodus. 

c.  Bueniu  Davisii.  /.  ^glina  binodosa. 

g.  Trinucleus  concentricus. 
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Gasteropoda  appear  in  Britain  for  the  first  time  in  the 
Arenig  series,  Bryozoa  (or  Poljzoa)  in  the  Llandeilo,  and 
Actinozoa  commence  with  three  species  in  the  Llandeilo 
limestone.  The  Echinoderm  genera,  Actinocrinus  and 
Glyptocrinus,  also  appear  in  the  same  limestone. 

^ken  as  a  whole,  the  special  features  of  the  Ordovician 
fauna  are  (1)  the  abundance  of  compound  Graptolites 
belonging  to  the  families  Dichograptidoe,  DiceUograptidoB, 
and  Diplograptidce ;  (2)  the  presence  of  many  peculiar 
Trilobite  genera — ^glina,  Ampyx,  Aaaphvs,  Illcenus,  Ogygia, 
Bemopleurides,  Staurocephaltis,  and  Trinucleus ;  (3)  the 
abundance  of  Cjstideans,  eight  genera,  and  twenty- 
three  species,  in  the  Bala  group;  (4)  the  abundance  of 
OrthidsB. 

The  following  are  the  principal  species  which  characterize 
the  Ordovician  rocks : — 

Fossils  of  the  Lower  Ordovician : — 

RKahdophora, — ^Didymograptus  patulus,  Diplograptus 
dentatus.  Dip.  mucronatus,  Climacograptus  confertus, 
Phyllograptus  angustifolius,  Ph.  typus,  Tetragraptus 
bryonoides. 

Crustacea, — JGglina  binodosa,  M,  grandis,  Ogygia  Sel- 
wynii,  Trinucleus  Gibbsii,  Calymene  parvifrons. 

Brachiopoda. — Orthis  alata,  Lingulella  acuminata,  Obo- 
lella  plumbea. 

LcmeUibrcinchiata. — Bedonia  anglica,  Palsearca  amyg- 
dalis. 

Pteropoda. — Conularia  Homfrayi. 

Cephtilopoda. — Orthoceras  sericeum,  O.  Avelinii. 

Fossils  of  the  Middle  Ordovician : — 

Jl^uibdophora, — Dicellograptus  sextans,  Glossograptus 
ciliatus,  Dicranograptus  ramosus,  Diplograptus  perexca- 
vatus,  Didymograptus  Murchisonii. 

Crustacea. — Asaphus  tyrannus,  Ampyx  nudus,  Ogygia 
Buchii,  Trinucleus  Uoydu,  Tr.  Bamsayi. 

Brachiopoda, — Lingula  brevis,  Orthis  confinis. 

Heteropoda, — ^Bellerophon  perturbatus,  Maclurea  Logani. 
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Fossils  of  the  Upper  Ordovician : — 

Bhabdophora. — ^Dioellograptus  anceps,  Dicranograptus 
Clingani,  Climacograptus  tubxdiferus,  Pleurograptus 
linearis. 

Adinazoa, — Chsdtetes  petropolitana,  Steuopora  fibrosa. 

Echinodermaia. — Echiiiosphserites  balticus,  Ech.  Davisii, 
Gljptocrinis  basalis,  SphsBronites  latchi,  Sp.  stelluliferus. 

Cruetaeea. — Trinucleus  concentricus.Tr.  seticorius.Lichas 
laxatos,  L.  Hibemicus,  lUsenus  Davisii,  Phacops  apiculatus, 
Fh.  Brongniartii,  Agnostus  trinodus. 

Polyzoa. — Ptilodictya  acuta,  Fenestella  capillaris. 

Bfuehiopoda, — Orthis  Actoniae,  O.  flabellulum,  0.  ar- 
gentea,  Sb*ophomena  rhomboidalis,  Lepteena  sericea.^ 

LamelXihranchiaia. — ^Ambonjchia  prisca,  Ctenodonta 
semitruncata,  Modiolopsis  expansa. 

Oagteropoda, — Holopea  conciima,  Cjdonema  rupestris. 

Cephalopoda. — Orthoceras  vagans,  Lituites  Hibemicus. 


a  h  e  d  e 

Hg.  9.    Ordovician  Graptolitet. 

a.  DidjniofpraptaB  Morohifonii.     e,  DicranograptoB  ramosus. 

b,  DioeUograptiis  Mxtans.  d.  Fhyllograptiis  tjpus. 

e.  DiplograptuB  folium. 

Professor  Lapworth  distinguishes  the  following  Eones  in 
tbe  British  Ordovician  rocks,  characterized  bj  different 
species  of  Oraptolites  (Bhabdophora). 

^  All  thfese  Brachiopods  also  oocor  in  the  Llandeib  rodu. 
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Upper. 

Middle.  | 
Lower.  < 


Zone  of  Dicellograptus  anceps. 

Dicellograptus  complaiiatus. 
Pleurograptus  linearis. 
Dicranograptus  Clingani. 
Climacograptus  Wilsoni. 
Csenograptus  gracilis. 
Didjmograptus  Murchisoni. 
Didjmograptus  bifidus. 
Tetragraptus  bryonoides. 


Stratigraphy, 
1.  South  Wales. 

So  much  work  still  remains  to  be  done  in  the  way  of 
tracing  the  subdivisions  of  the  Cambrian  and  OrdoTician 
rocks  across  Wales  that  it  is  not  yet  certain  whether  the  line 
of  separation  is  drawn  at  the  same  stratigraphical  plane  in 
both  areas.  On  this  account  it  will  be  advisable  to  treat 
the  areas  as  if  they  were  discontinuous,  and  to  give  the 
succession  in  each. 

Lower  Series  (Arenig). — These  have  been  carefully 
studied  by  Dr.  Hicks  in  Pembrokeshire,  and  the  following 
was  his  arrangement  of  the  beds  in  1875 : — 


Upper  Arenig,  black  slates 
Middle  Arenig,  flags  and  slates 
Lower  Arenig,  black  slates 


Feet. 
1,500 
1,500 
1,000 


The  lower  stage  contains  a  mixture  of  Tremadoc  and 
Arenig  species,  many  Arenig  graptolites  being  associated 
with  Asaphue  Homfrayi,  Ogygia  sctUairix,  LingvleUa 
Davisii  and  ContUaria  Homfrayi.  Dr.  Hicks  regards  it  as 
equivalent  to  the  Upper  Tremadoc  of  North  Wales,  but  it 
is  probably  a  passage  group  unrepresented  in  North 
Wales. 

The  middle  stage  contains  a  typical  Arenig  assemblage, 
and  probably  represents  a  fuller  development  of  the  Ghirth 
Grit  of  North  Wales. 

The  upper  stage  has  since  been  separated  by  Dr.  Hicks, 
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Tinder  the  name  of  the  Llanyim  series,  on  the  ground  that 
the  fauna  is  essentially  distinct  from  the  beds  below,  and 
that  several  genera  of  Trilobites  which  range  into  over- 
Ijing  beds  here  appear  for  the  first  time. 

Llandeilo  Senes. — North  of  St.  Davids  the  Llandeilo 
Flags  succeed  the  Arenig  series,  and  were  divided  into 
three  stages  bj  Dr.  Hicks  in  1875. 

Feet. 
Upper  stage — black  slates  and  flags,  with 

Ogygia  Buchii 1,000 

Middle  stage — calcareous  slates  and  flags, 

with  Asaphus  iyrannus  and  IHplograpttis 

foliaceuB 800 

Lower  stage^black  slates  and  felspathic 

tuffs,  with  Didymograptus  Murchisoni   .    500-1,000 

About  2,500 

The  Llandeilo  Flags  are  found  again  to  the  south  of  the 
Archaean  and  Cambrian  areas,  near  Haverfordwest,  and 
thence  they  range  eastwards  through  Narberth,  Caermar- 
then,  and  Llandeilo.  This-  district  has  been  recently 
examined  by  Messrs.  Marr  and  Boberts,  who  establish  the 
following  succession : — ' 

3.  Shales  with  Dieranograptus  and  Ogygia  Buchii, 
2.  Llandeilo  limestone  witii  Aaaphus  tyrannus. 
1.  Shales  with  Didymograpttu  Murchisoni, 

The  Llandeilo  limestone  is  best  seen  at  Narberth  and 
Uiodeilo,  where  it  is  a  compact  black  limestone,  but  else- 
vii»e  it  is  reduced  to  a  Ime  of  calcareous  concretions. 
Betides  the  Asaphus,  Trinucleus  flavus,  CcUymene  cambren- 
M,  LepUtna  aericea,  and  a  few  corals,  have  been  found 
it  it 

Bala  Series. — By  Haverfordwest  and  Narberth  the 
BiU  Beds  succeed  the  Llandeilo  shales,  one  passing  into 
k  other ;  the  former  series  comprising  the  following 
^iges,  according  to  Messrs.  Marr  and  Boberts : — 

I  «  QnATt.  Journ.  Geol.  Soc.,"  toI.  xH.  p.  476. 
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Upper  Bala. 


=  Bala  Limestone. 


5.  Green    shales    with    calcareous' 

bands,  containing  Phyllopora 

Hisingen,  Tnnttcleus  seticomis. 
4.  Grey      shales     with      Phacopa 

Brongniarti. 
3.  Sholeshook  limestone  with  Ag- 

nostus  trinodvs,  Philipsia  para- 
bola, 8taurocephalu8  clavtfrons,  ^ 
2.  Bobeston  Wathen  limestone 
1.  Dieranograptus   shales,   with    a  \ 

zone  at  the  top  marked    b j  I  =  Lower  Bala. 

abundance  of  Orthis  argentea,  ) 

Murchison  describes  the  Bala  Beds  near  Llandovery  as 
consisting  of  dark  sandy  shales,  with  some  calcareous 
bands  containing  TrinucUua  seticomis  and  Staurocephalus 
Ilurehisoni.  These  beds  are  overlain  by  pebbly  beds 
passing  up  into  rocks  with  Lower  Llandovery  fossils.  It  is 
erident  that  what  Murchison  calls  Bala  Beds  here  are  only 
the  upper  part  of  that  series,  and  that  the  Lower  Bala 
stage  is  included  in  the  Llandeilo  of  the  Geological  Survey 
section.  When  the  Graptolites  are  carefully  collected  in 
this  district,  the  boundary  between  the  Llandeilo  and  Bala 
series  will  be  more  clearly  defined.  Meantime  I  reproduce 
the  Survey  section,  and  indicate  the  probable  position  of 
the  several  stages  (see  fig.  10). 

A  similar  sequence  of  Llandeilo,  Bala,  and  Llandovery 
is  also  known  to  occur  as  far  north  as  Bhyader  and 
Bnilth. 


2.  NoBTH  Wales. 

Arenig  Series. — This  group  was  established  by  Pro- 
fessor Sedgwick,  and  named  from  the  Arenig  mountains  in 
Merioneth  ;  but  for  many  years  the  relations  of  the  Arenig 
and  Tremadoc  series  in  North  Wales  remained  very  un- 
certain. Mr.  Salter,  in  1853,  did  much  to  unravel  the 
itracture  of  the  Portmadoc  area  and  Penrhyn  promontory ; 
bat  it  was  not  till  1874-5  that  the  base  of  the  Arenigs  was 
finally  determined  and  followed  through  the  typical  area 
bj  Set  A.  Bamsay  and  other  members  of  the  G^logical 
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Survey.  They  then  found  that  the  f elspathic  grit  of  Qurth 
and  Tj  Obrey  formed  a  continuous  basement  b^,  Tremadoc 
fossils  occurring  abundantly  in  the  beds  below  it,  and 
Arenig  forms  in  those  above.  The  passage  beds  of  the 
Lower  Arenig  of  St.  Davids  appear  to  be  absent,  and  the 
succession  of  the  sedimentary  strata  appears  to  be  as  fol- 
lows : — 

&.  Micaceous  shales  at  Carnarvon. 

Shales  with  ash-beds  in  Arenig  Mts. 
a.  Dark  slates  underlying  the  above, 

with  JEglina  caliginosa,  CcUymene 

parvifrons,   and   Diplograpt'us  mu- 

cronatua. 


Upper  Arenig, 
or  Llanvim  Beds. 


Middle  Arenig — Oarth  Grit. 

The  Llanvim  beds  have  been  discovered  at  Llangwyllog  in 
Anglesey,  the  characteristic  Graptolites  (see  p.  87)  occur- 
ring in  black  shales  which  overlie  brown  sandstones. 

The  whole  series  in  North  Wales  is  so  largely  interstrati- 
fied  with  volcanic  rocks,  that  it  is  difficult  to  establish  any 
definite  succession,  or  to  estimate  its  thickness.  The  sedi- 
mentary beds  are  chiefly  dark  shales  and  slates ;  they  occur 
beneath  the  Snowdon  and  Camedd  Llewellyn  ranges  (see 
flg.  4),  and  strike  southward  through  the  Lleyn  peninsula, 
which  is,  in  fact,  a  continuation  of  the  great  Snowdonian 
synclinal.  They  curve  round  north  of  the  Arenig  country, 
and  with  thick  interstratified  sheets  of  felspathic  lava  and 
ash,  they  form  the  mountain  ranges  of  the  Arenigs,  Arans, 
and  Cader  Idris. 

Llandeilo  Flags. — Since  the  whole  of  the  lower  series 
of  interbedded  volcanic  rocks  in  North  Wales  is  now  re- 
ferred to  the  Arenig  series,*  it  follows  that  the  Llandeilo 
group  must  be  limited  to  the  dark  shaly  flags  which  suc- 
ceed the  volcanic  series  along  the  eastern  side  of  the  Aran 
and  Arenig  ranges.  These  beds  contain  very  few  fossils, 
and  pass  gradually  up  into  rocks  with  fossils  of  Bala 
species,  so  that  the  very  existence  of  Llandeilo  Flags  in 
North  Wales  is  at  present  rather  inferred  than  actually 
proved.     At  Garn,  east  of  Arenig,  the  following  species 

*  Ramsay,  "  Geology  of  North  Wales,"  second  edition,  p.  96. 
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have  been  found:  FavosUes  fibrosa,  Ampyx  mammUlatus, 
Orthis  ActonicB,  0.  inatUwriSy  Leptcena  S-costata  and  BeU 
leraphon  hilobaius.  East  of  the  Arans,  Selwyn  found 
5,500  feet  of  strata  between  the  upper  ash  and  the  Bala 
lunestone ;  some  2,000  feet  of  this  may  be  Uandeilo,  but 
east  of  Moel  Dhu  Jukes  found  only  4,000  feet  between  the 
same  limits ;  some  of  the  beds  therefore  thin  to  the  north- 
ward. 

Undoubted  Llandeilo  beds  emerge  again  in  the  centre  of 
the  Berwyn  anticline,  and  near  Llanrhyader  the  lowest 
beds  are  limestones  several  hundred  feet  thick,  containing 
Aewphus  tyrannu8,  Trinucleus  favua,  CcUymene  camhrerms, 
Orthis  turgida  and  Orthis  verpertUio.  The  total  thickness 
of  the  series  in  this  inlier  is  estimated  by  Bamsay  at  4,500 
feet,  and  they  include  some  beds  of  felstone  and  felspathic 
ash  which  cannot  be  on  the  horizon  of  the  Arenig  rocks,  as 
Bamsay  supposes,^  but  are  doubtless  comparable  with  those 
of  the  Shelve  district. 

Bala  Series. — The  strata  of  this  series  occupy  a  large 
area  in  North  Wales  ;  they  fill  the  centre  of  the  Lleyn  and 
Snowdon  syncline,  and  form  a  continuous  tract  ranging 
from  Conway  in  Denbigh  southwards  by  Bala  and  IMnas 
Mowddwy.  They  also  form  the  mass  of  the  Berwyn 
mountains  in  South  Denbigh,  rising  up  from  beneath  the 
Silurian  in  a  huge  periclinal  dome,  and  enclosing  the  Llan- 
deilos  of  Llanrhyader. 

In  the  typical  area  (Bala  and  Berwyn  Hills)  they  consist 
of  the  following  members : — 

Feet. 

(  Shales  and  Orits ?  1,000 

Upper.  <  Himant  Limestone  and  Shales  26 

( Dark  Shales 1,400 

[  Bala  Limestone,  with  numerous  fossils       20  to  40 

*  )  Slates  and  Grits 1,400 

^^^'  ^  Bed  of  volcanic  ash         ....         15 
Slates  and  Grits 1,600 


1 


About  5,400 
Neither  base  nor  summit  is  yet  satisfactorily  defined; 

'  Op.  cit.,  p.  300. 
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the  shales  and  grits  above  the  Himant  Beds  are  bj 
some  referred  to  the  Lower  Llandovery  group.  Further 
research  is  required  on  this  point. 

The  Bala  Limestone  commences  as  a  thin  band  near 
Dinas  Mowddwj,  and  thickens  northwards  to  25  feet  near 
Bala,  and  40  or  50  feet  in  the  Berwjn  mountains,  with  in- 
terstratified  shales  and  a  bed  of  phosphate  nodules  at  its 
summit.  When  traced  from  Bala  to  the  north-west  it  re- 
tains its  usual  characters  as  far  as  Penmachno ;  but  beyond 
that  it  is  mixed  with  volcanic  ash,  and  finally  passes  into  a 
nodular  caJcarous  ash. 

Li  the  Snowdon  district  thick  beds  of  felspathic  lava 
and  ash  are  interstratified  with  the  Bala  Beds,  greatly  in- 
creasing the  thickness  of  the  series.  Apart  from  this, 
however,  the  mechanical  sediments  thicken  westward,  being 
about  8,000  feet  in  the  Aran  country,  while  the  limestones 
increase  eastward. 

8.  Shbopshibe. 

Ordovician  rocks  occur  on  both  sides  of  the  Longmynd 
(Cambrian)  district ;  but  the  lower  part  of  the  system  is 
only  found  on  the  western  side  in  the  Shelve  and  Comdon 
area,  while  on  the  eastern  (Stretton  and  Shineton  area) 
only  the  Bala  Beds  are  present,  resting  directly  on  Trema- 
doc  shales.  Fig.  12  is  a  section  across  the  Shelve  area, 
showing  that  the  series  is  overstepped  by  Silurian  before 
the  Bala  Beds  come  in. 

Arenig  Series. — The  basement  beds  of  the  Stiper 
Stones  are  hard  siliceous  grits  (?  Gkirth  Grit) ;  these  pass 
up  into  slightly  micaceous  grey  flagstones,  succeeded  by 
black  shales  with  fossils— ^0^^^  Selwynii,  JEglina  hino- 
dosa,  Didymograpttis  pcUfdvs,  LingtdeUa  pltmbea.  The 
same  series  comes  again  to  the  suirface  near  Shelve,  and 
Messrs.  Lapworth  and  Hopkinson  have  collected  Graptolites 
from  several  localities  in  that  district,  which  lead  them  to 
believe  that  all  three  stages  of  the  series  are  represented. 
Their  total  thickness  is  estimated  at  3,000  feet. 

Llandeilo  Flags. — These  beds  are  of  a  more  varied 
character  than  those  below ;  at  the  base  are  shales  and 
grits,  with  thick  beds  of  volcanic  ash  and  porcellanic  rock 
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(felspathic),  which  lie  in  a  syncline  east  of  Shelve,  and 
come  in  again  along  the  ridge  of  Stapelej  Hill.  These  are 
succeeded  by  thick  brownish-green  sandstones  (with  Cteno- 
donta  and  Bellerophon  hilobattLs),  oyerlain  by  grey  sand- 
stones and  dark  shales,  containing  Asaphua  tyrannus  and 
many  other  fossils.  These  are  succeeded  by  black  and 
brown  shales,  with  Ogygia  Buchii  and  Lingvla  aUenuaia, 
and  near  the  top  of  this  series  there  are  other  beds  of  vol- 
c&nic  ash.  The  total  thickness  is  estimated  by  Mr.  Morton 
at  9.000  feet.' 

Caradoc  Sandstone. — The  Bala  series  here  puts  on 
an  arenaceous  f  acies,  and  was  originally  described  by  Mur- 
cfaison  under  the  name  of  Caradoc  Sapidstone,  from  the 
hills  of  that  name.  The  G^eolog^cal  Survey  still  use  the 
combined  name  of  Bala  and  Caradoc  series  in  their  pub- 
lications. The  rocks  only  occur  on  the  east  side  of  the 
Longmynd,  forming  a  long  narrow  strip  between  it  and 
Wenlock  Edge,  and  extending  from  the  valley  of  the  Clun 
to  that  of  the  Severn  near  the  Wrekin.  The  vertical  suc- 
cession given  by  Murchison,^  and  taken  from  the  sections 
o!  the  Geological  Survey,  is  as  follows : — 

Llandovery  Beds  (unconformable). 

!  Shales  with  Trinucleus. 
Cheney  Longville  Flags. 
Chatwell  Sandstones. 
Soft  Shales. 
Hoar  Edge  Grits. 
Sandy  Shales  (?  Tremadoc). 

In  the  Shineton  area,  further  north,  only  the  lower  part 
of  the  above  is  found  according  to  Dr.  Calhiway,  the  upper 
beds  being  probably  concealed  beneath  the  Llandoveries. 

Llandovery  Sandstone. 
Caradoc    ( Chatwell  Sandstone. 

Shineton  Shales  (Tremadoc). 

^  **  Geology  of  the  Country  around  Shelve,**  Proc.  Liverpool  Geol. 
80c,  186S-9. 
*  •*  SUaria,"  fourth  edition,  p.  66. 
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4.  The  North  op  England. 

Ordovician  rocks  occupy  a  large  area  in  the  Lake  Dis- 
trict, which  was  the  scene  of  Professor  Sedgwick's  earliest 
work  on  the  rocks  of  this  system  (1832-36).  All  the 
mountainous  region  lying  north-west  of  a  line  drawn  from 
the  estuary  of  the  Duddon,  by  Hawkshead  and  Ambleside, 
to  the  yalley  of  the  Lowther  Beck,  consists  essentially  of 
Ordovician  rocks  (see  fig.  13). 

Lov^er  Series  (Skiddaw  Slates). — ^It  was  mentioned  on 
p.  73  that  the  lowest  beds  which  were  formerly  included  in 
this  series  may  possibly  be  of  Upper  Cambrian  age.  The 
late  Mr.  C.  Ward  believed  the  grit  beds  of  Gkitesgarth, 
Lutterbarrow,  and  Tongue  Beck  to  be  the  equivalent  of 
the  Gkirth  grit  of  Norfii  Wales,  and  he  therefore  took 
these  as  the  basement  beds  of  the  series.  The  grits  are 
succeeded  by  no  less  than  7,000  feet  of  black  slates,  which 
contain  about  forty  species  of  Oraptolites,  the  chief  of 
which  are  Didymograpttis  patulus,  2).  hifidua,  Diplograptvs 
mucronatus,  Phyllograptus  typus,  Tetragraptus  cmcifer^ 
r.  hryonoidee,  with  JEglina  hmodoaay  M.  caliginosa,  Trinv^ 
deus  €Hhb9ii,  &c. 

Middle  Series  (Borrowdale  Group). — The  Skiddaw 
slates  are  succeeded  by  a  great  series  of  volcanic  rocks — 
lavas  and  ashes — ^not  less  than  12,000  feet  thick.  The 
greater  part  of  these  rocks  must  have  been  formed  during 
the  deposition  of  the  Welsh  Llandeilo  beds,  but  the  upper- 
most portion  may  be  of  Bala  age,  for  in  the  Pennine  area 
(Dnfton),  there  are  some  300  feet  of  black  shale,  replacing 
the  topmost  volcanic  rocks,  and  containing  Hkenus  BoW' 
manni,  Trinucleus  seticomia,  Leptcena  sericea,  Orthis  testudU 
nana;  and  Lingvla  ovata. 

Upper  Series  (Coniston  Limestone  Group). — This 
usually  consists  of  grey  limestone  with  beds  of  shale,  but 
in  some  places  it  passes  into  massive  white  and  pink  lime- 
stones. Its  fossils  are  similar  to  those  of  the  Bala  lime- 
stone ;  but  higher  beds  occur  in  certain  localities,  notably 
at  Ashgill,  consisting  of  grey  limestone  overlain  by  black 
and  blue  shales,  which  contain  some  fossils  not  found  below, 
such  as  CaryoeystUes  Davisii,  Staurocephalus  clavifrona, 
Holapea  concinna,  and  Orthoceras  vagans, 

II.  H 
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5.  South  Scotland. 

Our  knowledge  of  this  region  is  mainlj  due  to  the 
researches  of  Professor  Lapworth,  who  has  carefully  de- 
scribed the  two  areas  where  fossils  are  most  abundant, 
namely,  the  neighbourhood  of  Girvan  in  Ayrshire,  and  that 
of  Moffat  in  Dumfries/  The  following  is  a  comparative 
view  of  the  succession  in  each  area : — 


Upper 

Series, 

3,000  feet. 

Middle 

Series. 

Lower 

Series. 


Girvan. 

{Drummack  group 
Barren  flags. 
Whitehouse  group 
Ardwell  group. 
Balclatchie  Beds. 
Benan  conglomerate. 


^  } 


Moffat. 
Upper  Hartfell  shales  (50  feet). 

-Lower  Hartfell  shales  (45  feet). 


^ttd'^SC:      |oleBkaa.h.les(60feet,. 


Ballantrae  rocks. 


Base  not  seen. 


Lower  Series. — The  stratigraphy  of  the  Ballantrae 
rocks  has  not  yet  been  worked  out ;  it  is  a  complicated 
group  of  igneous  and  sedimentary  rocks,  pierced  by  intru- 
sive gabbros  and  serpentines,  &c. ;  but  Professor  Lapworth 
informs  me  that  in  some  places  it  contains  black  shales, 
which  yield  Graptolites  of  Arenig  and  Skiddaw  forms — 
Tetragraptus  hryonoides,  Phyllograpttis,  and  Didymograptus 
Murchiaoni. 

Middle  Series. — No  beds  comparable  with  the  Lower 
Llandeilo  have  yet  been  recognized.  The  Ballantrae  series 
is  succeeded  by  the  Barr  or  Stinchar  group,  the  lowest 
member  of  which  is  a  purple  conglomerate  full  of  rounded 
masses  of  igneous  rocks  embedded  in  a  matrix  of  sandy 
and  calcareous  matter.  This  is  succeeded  by  purple  sand- 
stones and  grits,  the  whole  group  being  about  150  feet 
thick,  but  without  any  organic  remains.  The  next  group  is 
that  of  the  Stinchar  limestone,  which  consists  of  three 
members — (a)  calcareous  flagstones  with  Orthis  confinia, 
(b)  limestones  with  many  fossils,  (c)  shales  with  THdymo* 

*  **  Quart.  Jonm.  GeoL  Soc.,"  vol.  xxxiv.  p.  240,  and  vol.  xxxviii. 
p.  538. 
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graptus  supersies  and  other  fossils.  The  fossils  of  the 
limestone  are  peculiar  and  interesting,  some  being  charac- 
teristic of  the  Trenton  limestone  in  Canada,  but  not  occur- 
ring in  any  English  rock ;  such  are  Maclurea  Logani  and 
If.  magna,  Tetradium  (a  coral-like  sponge),  and  Murchi- 
sania  angvMaia.  These  occur  with  many  corals,  and  Lichas 
Hibemicus,  lUcenus  Bovnnanni,  and  Calymene  Blumenhachii, 
which  are  common  to  Uandeilo  and  Bala  Beds.  The  shales 
above  contain  some  fossils  which  occur  again  in  the  Bal- 
clatchie  Beds,  and  appear  to  form  a  transitional  zone 
between  the  two  series. 

In  the  Moffat  area  no  base  has  yet  been  found,  but  the 
Glenkiln  group  is  clearly  of  the  same  general  age  as  the 
Stinchar  limestone ;  it  consists  of  barren  mudstones,  with 
a  zone  of  graptolitic  shale  at  the  top,  containing  Didymo- 
graptus  guperstesy  Coenograptus  gracilis,  Dicellograptus  sex- 
tans, and  others. 

Upper  Series. — This  in  the  Girvan  area  commences 
with  a  massive  boulder  conglomerate,  having  a  greenish 
sandy  or  ashy  matrix,  and  varying  from  500  to  1,000  feet 
in  tluckness.  Above  this  are  the  Balclatchie  Beds,  consist- 
ing of  mudstones  and  grits,  with  many  fossils,  among 
wMch  are  PTuicops  Brongniarti  (abundant),  Asaphus  gigas, 
Stygina  hUifrons,  Bemopleurides  latero-spimfer,  Agnostus 
irinodus,  Staurocephalus  glohiceps,  Cyhele  verrucosa,  and 
8phcerexochus  minis? 

Above  these  beds  is  a  thick  series  of  shales,  flagstones,  and 
mudstones,  named  the  Ardmillan  series  by  Professor  Lap- 
worth,  and  divided  into  four  groups  (as  above),  which  are 
characterized  by  the  following  Graptolites : — 

D.  DiceUograptus  anceps,  Diplograptus  truncatus. 

C.  Barren. 

B.  Plev/rograptus  linearis,  Biphgraptus  socialis. 

A.  Dicranograptus  ramosus,  Climacograptus  caudatvs. 

• 

At  the    base  of   the   Ardwell    group    are    shales   with 

^  Profesaor  Lapworth  regards  these  beds  as  a  transitional  group 
between  the  Ban*  and  Ardmillan  series,  because  some  of  the  fossils  occur 
tbo  in  the  Stinchar  limestone,  but  I  prefer  to  take  the  Benan  conglo- 
merate as  the  base  of  the  Bala  rocks  in  S.  W.  Scotland. 


100  PALiEOZpIC    BOCKS.  [PABT  T. 

Climacograptus  Scharenhergi,  which  is  also  found  in  the 
underlying  Balclatchie  Beds. 

The  Whitehouse  group  also  contains  Trilobites  of  the 
genera  Dionide,  Asaphus,  Agnostus,  Trinucleusy  and  Cych' 
pyge;  while  the  highest  mud  stones  have  Trinucleus  setu 
cornis,  Stau/rocephaliis  glohiceps,  and  Ampyx  rostrattis,  with 
Palceaster  and  other  fossils. 

Professor  Lapworth's  researches  in  the  Moffat  district 
bring  out  the  remarkable  fact  that  all  these  Bala  strata  are 
represented  by  no  more  than  about  100  feet  of  black  shale ; 
yet  the  same  graptolite  zones  are  found  compressed  into 
this  small  space  and  by  this  means  the  beds  of  the  two 
areas  can  be  accurately  correlated,  the  Upper  Hartfell  cor- 
responding to  the  Drummuck  and  Whitehouse  groups,  and 
the  Lower  HartfeHto  the  Ardwell  and  Balclatchie  groups. 


6.  North  Scotland. 

The  only  districts  which  have  yet  been  thoroughly 
investigated  are  those  of  Durness  and  EriboU  in  Suther- 
land, and  the  following  account  is  taken  from  the  report  of 
Messrs.  Peach  and  Home.^ 

The  beds  of  the  Durness  area  are  arranged  in  the  form 
of  a  basin  truncated  on  the  eastern  side  by  a  fault  which 
brings  them  against  the  Archaean  gneiss  (see  fig.  14)  ;  on 
the  west  they  are  seen  to  rest  unconf  ormably  on  this  gneiss 
and  on  the  red  Torridon  sandstone.  The  Durness  basin  is 
separated  from  that  of  Loch  Eriboll  by  a  prominent  ridge 
of  Archaean  gneiss,  which,  however,  bears  an  outlier  of  the 
Ordovician  basement  beds.  The  Eriboll  area  exhibits  the 
same  series  as  that  of  Durness,  but  they  are  crushed  and 
faulted  in  a  remarkable  manner,  and  are  cut  off  on  the 
east  by  a  thrust-plane,  which  actually  carries  some  of  the 
Archaean  gneiss  over  the  newer  Ordovician  series,  so  that 
here  the  ordinary  test  of  age  by  superposition  becomes 
useless.  This  superposition  of  Archaean  on  Ordovician  can 
be  clearly  seen  at  Ben  Amaboll. 

The  total  thickness  of  the  Ordovician  rocks  seen  in  these 
two  areas  is  estimated  at  2,000  feet,  composed  as  follows : — 

»  "  Nature,"  1884,  toI.  x3uu.  p.  31. 
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/3.  Light  and  dark  grey  limestones,  with 
p    p  ^  I  many  fossils  at  certain  horizons. 

o    •  /  2.  Granular  dolomites  and  dolomitic  lime- 

Series        <  . 

(         iW  \[\    \         stones. 

V    V  1 1-  Limestones  and  calcareous  shales,  with 

\        dark  limestones  at  the  base. 

"R    M'^dl       r^'  Dolomitic  grit,  with  Serpulites. 

^p  *     rth'  ^    I  ^'  ^rown  grits  and  quartzites,  with  shales. 

^       ^'  ll.  Calcareous  mudstones,  with  worm-casts. 

A    J  r  2.  Massive  quartzites,  with  worm-casts. 

9p  '     rth"  ^    \^'  ^^^®  ^^^  quartzites,  with  a  basement 
ri^s  (       ),  ^         1^^  ^£  brecdated  conglomerate. 

A  rich  assemblage  of  fossils  has  been  obtained  from  the 
limestones,  but  the  lists  are  not  yet  published. 


7.  Ireland. 

The  paJflBoutology  of  the  Irish  Ordovician  rocks  has  not 
yet  been  studied  with  the  same  care  that  has  been  bestowed 
upon  the  Welsh  rocks  by  Dr.  Hicks  and  upon  the  Scotch 
series  by  Professor  Lapworth.  We  are,  therefore,  unable 
to  give  anything  like  a  complete  account  of  the  Ordovician 
system  in  Ireland. 

Lower  Series. — No  rocks  comparable  to  the  Welsh 
Arenigs  have  yet  been  found  in  Ireland. 

Middle  Series. — Eocks.of  Llandeilo  age  have  been 
identified  in  several  localities,  and  are  known  as  the  **  Dark 
Shale  Series."  They  occupy  the  coast  south  of  Wicklow, 
and  are  well  exposed  in  the  cliffs  of  Ballymoney,  near 
Courtown,  and  thence  strike  through  Wexford  and  Water- 
ford  to  Tramore  Bay.  They  consist  of  blue  and  black 
shales,  with  flaggy  grits,  and  contain  Bicellograptus  sextans, 
CoBnograptus  gracUiSf  Diplograpttis  foliaceus,  Dicranograptus 
ramosvs,  and  Leptograptus  Jlaccidus, , which  prove  them  to 
be  on  the  horizon  of  the  Glenkiln  Shales. 

The  same  beds  occur  at  Slieve  Bemagh,  co.  Clare,  where 
Mr.  Baily  found  most  of  the  above  species ;  and  also  in 
CO.  Down,  south  of  Belfast  Lough,  where  Mr.  Swanston 
has  obtained  all  the  characteristic  Graptolites  of  the  Glen- 
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kiln  group.     A  smaller  area  is  foirnd  in  Meath,  running 
inland  from  the  coast  near  Balbriggan. 

In  CO.  Meath  (Bellewston  Hill)  there  are  beds  belonging 
to  a  lower  horizon,  and  yielding  Didymograptus  Murchisoni, 

In  South  Mayo  and  Qalway  there  are  shaly  rocks,  with 
fossils  of  Llandeilo  age,  1,000  feet  thick,  and  overlaid  by 
beds  with  contemporaneous  volcanic  rocks,  which  may  be 
of  Bala  age. 

Upper  Series. — This  is  known  as  the  Bally  money 
series,  and  oyerlies  the  Dark  Shale  series  at  Ballymoney  and 
elsewhere  in  Wicklow,  Wexford,  and  Waterford.  In  this 
area  it  contains  Phacops  Brongniarii,  Lichas  laxatuSf  TrU 
nucletL9  concentricue,  and  lUcenus  Bowmanni, 

At  Portraine  on  the  Dublin  coast  there  is  one  of  the 
finest  sections  of  the  Coniston  Limestone  and  its  associated 
rocks  to  be  found  in  the  British  Islands.  Ash-beds  and 
layas  comparable  to  the  Borrowdale  Beds  are  succeeded 
by  green  shales  with  calcareous  nodules,  which  pass  by 
gradations  into  a  calcareous  group  containing  massive 
limestones,  with  fossils  of  the  Coniston  Limestone.  This 
locaUty  is  exactly  on  the  line  of  strike  of  the  Lake  Dis- 
trict exposures,  and  the  same  line  prol6nged  carries  us 
south-west  into  Kildare,  where  the  range  of  hills,  called 
the  Chair  of  Kildare,  consists  of  the  same  rocks,  including 
limestone,  with  abundance  of  fossils. 

In  Clare  and  Tipperary,  on  either  side  of  the  river 
Shannon,  there  are  several  tracts  of  Ordovician  rock,  form- 
ing the  Cratloe  Hills,  Slieve  Bernagh,  and  Slieve  Aughta, 
in  Clare ;  Slieve  Phelim,  and  Keeper  Mountain,  and  Slieve 
Arra,  in  Tipperary.  The  equivalents  of  the  Bala  or  Bally- 
money series  are  largely  developed,  and  near  Ballycar  they 
appear  to  pass  up  into  beds  with  Silurian  fossils  (?  Lower 
Llandovery). 

fVom  black  shales  in  co.  Down  Mr.  Swanston  has  ob- 
tained the  following  Graptolites  amongst  many  :  Bicrano- 
^ptu€  Clinganif  Biplpgraptus  truncatus,  Climacograptvs 
Scharenbergif  CI.  bicomis,  and  Dicellograptus  caduceua ;  and 
this  tract  strikes  south-westward  through  Armagh,  Mona- 
ghan,  and  Cavan.  At  Pomeroy  in  Tyrone  there  is  a  small 
but  important  tract  of  rock,  from  wluch  many  Bala  fossils 
have  been  obtained. 
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8.  Scandinavia. 

The  Ordovician  rocks  of  Norway  and  Sweden  are  of 
more  importance  to  British  geologists  than  those  of  other 
European  countries,  but  space  only  permits  of  a  brief 
account  of  them. 

'  The  lowest  member  of  the  series  is  a  limestone  rich  in 
fossils,  especially  Orthoceras  and  its  allies,  whence  it  is 
known  as  the  Orthoceras  Limestone ;  associated  with  it  are 
shales  containing  Phyllograptus  typvs.  These  may  be  of 
Arenig  age. 

In  Scania  the  above  are  succeeded  by  shales  with  Qrapto- 
lites,  the  three  lower  zones  of  which  appear  to  represent 
our  Llandeilo  series ;  and  the  three  upper  our  Low^  Bala 
beds.     They  are — 

6.  Zone  of  Orthis  argentea. 

5.        ,,        Dicranograptus  Clingani. 

4.        ,,        Climacograptus  Scharenbergi. 

3.        ,,       Diplograptus  mucronatus. 

2.        ,,       Glossograptus  Hincksii. 

1.        „        Didymograptus  geminus. 

Some  of  these  shales  are  represented  by  limestones  in 
other  districts. 

The  highest  group  consists  of  shales  with  Trinuclevs 
seticomis,  limestone  with  Staurocephalus  clavifrans,  and 
shales  above,  but  these  upper  beds  are  not  always  present. 

Volcanic  Bocks. 

Bocks  of  volcanic  origin  play  a  prominent  part  in  the 
records  of  this  system.  As  the  ashes  and  lavas  are  inter- 
stratified  with  fossiliferous  marine  strata,  it  is  probable 
that  the  eruptions  took  place  either  from  submarine  vents 
or  from  groups  of  volcanic  islands,  such  as  occur  in  the 
Pacific  Ocean  of  the  present  day. 

In  Wales  these  outbursts  commenced  in  Arenig  times, 
that  series  containing  thick  lenticular  masses  of  felspathic 
lava  and  ash  (see  fig.  4,  p.  67).  These  interbedded  masses 
are  thickest  in  Cader  Idris  and  Aran  Mowddwy,  but  thin 
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away  rapidly  both  to  the  north  and  south  of  this  district. 
kt  Aran  Mowddwy  their   united  thickness  amounts  to 
S/M)  feet,  at  the  north  end  of  the  Aran  range  it  is  re- 
duced  to  2,350  feet,  and   in  the  Arenig  mountains  to 
1.050  feet ;    west  of  Tremadoc  they  disappear  entirely. 
Sir  A.  Bamsay  ^  indicates  the  great  boss  of  Rhobell  Fawr, 
with  its  ashy  agglomerates,  as  one  of  the  centres  of  erup- 
tion.   In  most  text-books  all  these  volcanic  rocks  are  re- 
ferred to  the  Llandeilo  series,  because  until  recently  the 
Geological  Survey  included  the  Arenig  rocks  in  that  series, 
and  termed  them  "  Lower  Llandeilo."    Now,  however,  in 
the  new  edition  of  the  "  Memoir  on  North  Wales  "  (1881), 
it  is  expressly  stated  (p.  96)  that  "  the  whole  of  the  lower 
interbedded  igneous  series  is  included  in  the  Arenig  beds 
of  Professor  Sedgwick ; "  the  upper  igneous  series  being 
that  of  the  Bala  rocks.   Li  the  Berwyn  Hills,  however,  and 
in  Shropshire,  there  are  thick  beds  of  ash  in  the  Llandeilo 
series  (see  figs.  11  and  12). 

After  a  period  of  repose  volcanic  activity  was  renewed  ; 
the  normal  development  of  the  Bala  rocks  has  been  de- 
scribed on  p,  93,  but  north  of  Moel  Siabod  the  series 
assumes  a  very  different  character  from  the  interpolation 
of  numerous  beds  of  felstone  and  volcanic  ash.  '*  These 
range  northward  to  Conway,  and  from  thence  south-west- 
ward along  the  higher  Caernarvonshire  mountains.  Car- 
nedd-Llewellyn,  Camedd-Daf ydd,  Y-Glyder-f ach,  Y-Glyder- 
fawr,  Snowdon,  and  Moel-Hebog  are  the  chief  mountains 
in  this  the  highest,  wildest,  and  grandest  part  of  North 
Wales ;  and  these  consist  in  a  great  degree  of  true  volcanic 
products,  some  of  which  are  interbedded,  and  some  of  the 
intrusive  masses  may  be  the  deep-seated  centres  of  vol- 
canic eruptions."  *  As  shown  in  fig.  4,  the  Snowdon  range 
occupies  the  western  side  of  a  complicated  synclinal  flexure, 
which  is  continued  throughout  the  promontory  of  Lleyn. 
The  structure  of  the  range  is  as  follows :  upon  the  Bala 
slates  and  grits  lie  three  great  beds  of  porphyritic  felstone, 
which  southward  converge  into  one  mass ;  these  are  suc- 
ceeded by  beds  of  felspathic,  sandy,  and  calcareous  ash, 

*  "Geology  of  North  Wales,  Mem.  Geol.  Survey,"  second  edition, 
p.  98. 

*  Ramsay,  **  Geology  of  North  Wales,"  second  edition,  p.  130. 
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some  of  which  contain  fossils,  and  are  supposed  to  repre- 
sent the  Bala  limestone ;  the  ash-beds  are  capped  here  and 
there  by  the  relics  of  another  sheet  of  felspathie  lava, 
which  has  been  nearly  all  removed  by  subsequent  erosion. 
The  total  thickness  of  these  accumulations  is  over  3,000 
feet,  being  as  follows : — 

Feet. 

Columnar  felstone 200 

Ashy  beds 1,200 

Porphyritic  felstones        ....     1,700 

Some  of  the  Bala  felstones  have  been  studied  by  Professor 
Bonney  and  others  by  Mr.  Rutley,  and  prove  to  be  devitrified 
rhyolites,  exhibiting  fluxion  structure  under  the  micro- 
scope; some  are  spherulitic,  and  others  have  a  peculiar 
nodular  structure.^ 

In  the  Lake  District  the  Borrowdale  group,  which  is  pro- 
bably of  Llandeilo  age,  consists  mainly  of  volcanic  rocks 
— a  series  of  andesitic  lavas,  ashes,  and  agglomerates  of 
green  or  purple  colours,  which  were  termed  the  "  Green  slates 
and  Porphyries"  by  Professor  Sedgwick.  The  cleavage 
which  traverses  the  district  converts  some  of  the  finer  ash- 
beds  into  regular  slates,  as  seen  in  the  quarries  at  Dale 
Head.     A  similar  series  is  found  in  the  Isle  of  Man. 

In  Ireland,  felstones,  gabbros,  tuffs,  and  agglomerates 
occur  in  the  Llandeilo  series  of  Wicklow  and  Wexford ; 
porphyritic  felstones  and  ash-beds  of  the  Borrowdale  type 
appear  near  Portraine,  co.  Dublin. 


Physical  Geography, 

The  general  depression  and  sinking  of  the  whole  British 
area,  which  commenced  in  later  Cambrian  times,  continued 
during  the  Ordovician,  and  the  sea  appears  to  have  spread 
over  nearly  the  whole  of  England,  Ireland,  and  Scotland, 
except  perhaps  the  extreme  south-east  portion  of  England. 
The  downward  movement  seems  to  have  culminated  in  the 
Llandeilo  and  Lower  Bala  periods,  when  nothing  but  fine 
muddy  and  silty  sediment  was  thrown  down  everywhere, 

*  See  Bonney,  **  Quart.  Joarn.  Geol.  Soc.,*'  vol.  xxxTiii.  p.  289,  and 
Rutley,  op.  cit.,  vol.  xxxvii.  p.  403. 
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except  in  the  Lake  District,  which  appears  at  that  time  to 
have  been  the  site  of  a  group  of  volcanic  islands. 

As  we  rise  through  the  Bala  series,  sandy  beds  and  vol- 
canic rocks  again  appear,  and  the  Caradoc  sandstone  of 
Shropshire  and  South  Wales  is  a  proof  of  the  lessening 
depth  of  the  water  in  those  areas.  Islands,  such  as  that 
of  the  Lon^pnjnd,  began  to  rise  above  the  waves,  and  it  is 
probable  that  considerable  tracts  of  Cambrian  and  Ordo- 
Tician  rocks  were  elevated  into  land  before  or  at  the  com- 
mencement of  the  ensuing  Silurian  period. 

Such  was  the  succession  of  events  in  England,  but  we 
know  that  there  must  have  been  land  somewhere  during 
the  whole  of  the  Ordovician  period,  for  the  mechanical 
sediments  could  only  have  been  derived  from  the  waste  of 
knd,  and  this  could  not  have  been  very  far  away,  since  it 
supplied  the  material  for  more  than  10,000  feet  of  rock. 
Can  we  indicate  the  position  of  this  land  ?  There  is  every  ^ 
r^son  to  suppose  that  it  occupied  the  same  position  as  in 
Cambrian  times,  namely,  the  area  which  is  now  the  North 
Atlantic  Ocean,  but  its  margin  appears  to  have  been  en- 
tirely outside  Ireland. 

Islands  may  have  existed  at  all  times  in  this  Britannic 
ocean,  but  especially  in  the  later  part  of  the  period.  The 
westward  increase  in  the  Bala  sediments  of  North  Wales, 
and  the  easterly  increase  in  the  limestones,  is  probably  in- 
dicative of  some  large  island  to  the  west  of  Wales,  just  as 
the  Caradoc  sandstone  indicates  land  to  the  eastward.  We 
may  therefore  imagine  the  Bala  limestone  to  have  been 
formed  in  a  deep  strait  between  two  large  islands. 

Another  important  fact  is  the  entire  absence  of  Ordo- 
vician rocks  near  Malvern,  where  the  Silurian  beds  rest 
Tmconformably  on  Cambrian,  or  on  an  interposed  sheet  of 
homblendic  lava.  We  cannot  doubt  that  this  area  waa 
also  land  during  part  of  the  period  under  review,  and  for 
aught  we  know  it  may  have  had  a  considerable  extension 
northward  and  eastward,  for  we  have  no  evidence  yet  of 
the  existence  of  Ordovician  rocks  in  central  England. 

The  close  correspondence  between  the  Ordovician  rocka 
of  Britain  and  Scandinavia  proves  that  the  two  areas 
formed  part  of  one  zoological  province,  and  that  there  wa& 
continuous  sea  between  them. 


CHAPTER  IV. 

Silurian  Ststem. 
(Upper  Silurian  of  Murcbison  and  Geological  Survey.) 
.  Nomenclature  and  Divisions. 

m 

The  reasons  for  restricting  the  name  Silurian  to  the 
system  called  Upper  Silurian  by  Murcbison  have  been 
given  on  p.  58,  but  no  mention  was  there  made  of  a 
subordinate  question,  namely,  the  line  of  separation  be- 
tween the  so-called  Upper  and  Lower  Silurian.  Originally 
the  whole  of  the  strata  subsequently  called  Llandovery 
Beds  were  included  by  Murcbison  in  his  Upper  Caradoc 
group,  but  in  1854  Professors  Sedgwick  and  McCoy  proved 
that  the  uppermost  sandstones  (to  which  they  gave  the 
name  of  May  Hill  Sandstone),  had  no  connection  physi- 
•callj  or  paleeontologically  with  the  Bala  rocks,  but  formed 
the  natural  base  of  Murcbison*  s  (Upper)  Silurian  series  in 
the  typical  Silurian  areas. 

BeC(^nizing  the  justice  of  this  correction,  Murcbison 
then  separated  the  beds  from  the  Caradoc  Sandstone 
(Bala),  and  created  a  new  group  under  the  name  of 
^*  Llandovery  Rocks,"  subdividing  it  into  two  stages — a 
lower  (linked  by  some  species  to  the  Bala  series),  and  an 
upper  (closely  connected  with  the  Wenlock  rocks),  but 
clearly  united  to  one  another  by  a  community  of  Penta- 
meri  and  other  fossils.  This  Llandovery  group  he  regarded 
as  forming  a  transition  series  between  his  Lower  and  Upper 
Silurian. 

Some  geologists,  however,  objected  to  this  arrangement 
on  the  ground  that  there  is  frequently  a  physical  break 
(overlap  leading  to  unconformity)  between  the  Lower  and 
Upper  Llandovery,  so  that  the  latter  in  such  localities  is 
dissociated  altogether  from  the  former  and  from  the  Bala 
Beds.    Consequently,  Sedgwick,  Jukes,  and  others  drew 
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the  line  of  separation  at  the  base  of  the  Upper  Llandovery 
or  May  Hill  Sandstone.  But  elsewhere  there  is  little  or 
no  want  of  conformity  between  the  members  of  the  Llan- 
dovery, while  the  Lower  Llandovery  is  locally  transgressive 
over  the  Bala  Beds.  It  follows,  however,  from  the  prin- 
ciples laid  down  in  Part  IV.,  Chap.  III.,  that  small  regard 
must  be  paid  to  such  local  transgressions  and  unconfor- 
mities, unless  they  coincide  with  a  palseontological  break. 
Murchison  therefore  was  right  in  uniting  the  two  Llan- 
(ioTeries  on  palseontological  grounds,  and  when  all  the 
original  confusion  between  the  Caradoc  and  Lower  Llan- 
dovery sandstones  has  been  eliminated,  it  will  probably  be 
found  that  the  number  of  Bala  species  in  the  latter  is 
much  smaller  than  the  number  of  species  imiting  it  to  the 
Upper  Llandovery. 

Recent  researches  have  shown  that  the  Upper  Llandovery 
is  usually  succeeded  by  a  series  of  pale  grey  and  green 
shales  (Tarannon  Shales),  and  Professor  Lapworth's 
studies  have  led  him  to  the  conclusion  that  these  three 
subdivisions  (Lower  Llandovery,  Upper  Llandovery,  and 
Tarannon  Shales),  ''are  far  more  closely  allied  to  each 
other  than  they  ^  to  the  beds  above  or  below,  and  that 
they  should  be  considered  as  the  three  consecutive  mem- 
bers of  a  single  formation."^  The  Llandoveries  were 
formed  in  fact  during  a  period  of  upheaval  and  oscil- 
lation which  intervened  between  the  quiet  periods  of  the 
Bala  and  Wenlock  Beds.  The  rocks  have  a  common  cha- 
racter distinct  from  these  formations,  and  the  faima  as  a 
whole  shows  corresponding  peculiarities.  For  their  equiva- 
lents in  South  Scotland,  he  has  proposed  the  name  Valentian, 
from  the  Boman  name  of  the  province,  and  Mr.  Marr^  has 
advocated  the  general  adoption  of  this  name  for  the  lower- 
most group  or  series  of  the  Silurian  rocks  in  Britain. 

"  The  second  natural  division  of  the  Silurian  system  is 
undoubtedly  Murchison' s  Great  Mudstone  series,  which 
includes  the  so-called  Wenlock  and  Lower  Ludlow  groups. 
....  In  Shropshire  this  great  mudstone  or  Salopian  for- 

'  "*  On  the  Gkological  Distribution  of  the  Rhabdophora,  Ann.  Mag. 
X»t  Hist.,"  8er.  v,,  vol.  iii. 

^  ''Clawif.  of  Camb.  and  Sil.  Rocks,  Sedgwick  Prize  Essay,''  1883^ 
p.  117. 
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mation  is  by  far  the  most  important  pl^sical  group  in  the 
Silurian." '  Murchison  drew  the  line  of  demarcation  be- 
tween his  Wenlock  and  Ludlow  groups  at  the  top  of  the 
Wenlock  limestone,  but  he  admits'^  that  the  Lower  Lud- 
low is  only  an  upward  prolongation  of  the  Wenlock  shale, 
and  that  his  chief  reason  for  grouping  it  with  the  Ludlow 
was  that  it  forms  the  base  of  the  ridges  which  are  capped 
by  the  Aymestry  limestone.  Palseontologically  the  shales 
appear  to  belong  to  the  Wenlock,  but  just  below  the 
Aymestry  limestone  there  is  a  set  of  thick  bedded  earthy 
flagstones  which  contain  Cephalopods  and  Starfish  in  some 
abundance.  It  would  seem,  therefore,  that  the  line  between 
the  Wenlock  and  Ludlow  Beds  should  be  drawn  here,  and 
I  agree  with  Prof.  Lapworth  that  "  the  natural  boundary 
is  at  the  summit  of  the  Great  Mudstone  group  (a  little 
below  the  line  of  the  Aymestry  limestone),  where  new 
physical  conditions  set  in,  and  the  rocks  contain  a  com- 
paratively new  fauna."  To  the  mudstone  group  we  may 
apply  the  term  Salopian. 

In  the  typical  districts  the  uppermost  Silurian  group 
consists  of  the  Leintwardine  Flags,  the  Aymestry  Lime- 
stone, the  Upper  Ludlow  Beds,  the  Downton  Sandstone 
and  the  Tilestones  which  pass  into  the  Ofd  Bed  Sandstone. 
For  this  series  the  name  Downtonian  has  been  used,  but 
the  author  has  elsewhere  suggested  Clunian  (from  Clun 
Forest)  as  a  better  designation. 

Murchison' s  subdivisions  will  therefore  be  grouped  under 
three  heads,  as  follows : — 

Tilestones      and     Downton 
Sandstone. 

Upper  Ludlow  Beds. 

Aymestry  Limestone. 

Leintwardine  Flags. 

Lower  Ludlow  Shales. 

Wenlock  Limestone. 

Wenlock  Shale  and  Wool- 
hope  Limestone. 

Tarannon  Shales. 

May  Hill  Sandstone. 

Lower  Llandovery  Beds. 
2  "  Siluria,'*  fourth  edition,  pp.  122,  124. 


Silurian 
System. 


Ludlow,  or 
Clunian. 


Wenlock,  or 
Salopian. 

Llandovery,  or 
Valentian. 


Lapworth,  loc.  cit. 
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Range  and  Relation  to  Rocks  below. 

In  South  Wales  the  Silurians  emerge  from  beneath  the 
overlapping  Carboniferous  strata  west  of  Narberth,  and 
form  a  narrow  strip  (the  beds  being  nearly  vertical)  for  a 
long  distance  between  the  Ordovician  and  Old  Bed  Sand- 
stone areas.  Near  Builth  the  inclination  becomes  less,  and 
the  Silurian  area  widens  rapidly,  till  in  the  Radnor  and 
Clun  Forest  districts  it  has  a  width  of  from  twelve  to 
twenty-five  miles.  Moreover,  a  prolongation  of  the  great 
Caradoc  fault  repeats  the  series  along  a  tract  extending 
from  Presteign  by  Wenlock  Edge  to  Coalbrookdale.  From 
Radnor  the  main  outcrops  run  through  Montgomery,  but 
the  periclinal  dome  of  the  Berwyn  mountains  separates 
them  from  the  Silurians  of  Denbighshire,  which  occupy  the 
country  between  the  valleys  of  Dee,  Clwyd,  and  Conway. 

In  the  south-east  of  Wales  (Cardiff  and  Usk),  as  well  as 
at  Malvern  and  other  localities  in  Gloucester,  Hereford, 
and  Worcester-shires,  the  Silurians  are  brought  up  again  to 
the  surface  by  anticlinal  or  periclinal  flexures,  forming 
isolated  tracts,  surrounded  on  all  sides  by  younger  rocks. 
Other  such  inlying  exposures  occur  in  Staffoi^shire,  at 
Dudley,  Sedgley,  and  Walsall ;  and  Silurian  rocks  have  re- 
cently been  proved  to  occur  beneath  the  Cretaceous  beds  in 
Hertfordshire ;  it  is  probable,  therefore,  that  they  have  a 
very  considerable  subterranean  extension  in  the  centre  and 
east  of  England. 

In  the  ikke  District  the  Silurian  rocks  lie  to  the  south- 
east of  the  Ordovician  region  in  Westmoreland,  reaching 
from  the  estuary  of  the  Duddon  by  Coniston  water  and 
Windermere  to  the  valley  of  the  Kent  north  of  Kendal, 
occupying  the  upper  valley  of  the  Lune  as  far  south  as 
Eirkby  Lonsdale  in  Lancashire. 

In  Scotland  Silurians  occur  along  with  the  Ordovician, 
both  in  the  Highlands  and  in  the  Border  region  ;  but  it  is 
not  yet  possible  to  indicate  the  areas  they  separately  occupy. 
Wenlock  Bocks  (the  Biccarton  Beds  of  Lapworth)  extend 
in  a  long  strip  from  Kirkcudbright  to  the  Cheviot  Hills. 
Fossiliferous  strata  of  both  Wenlock  and  Ludlow  age  occur 
in  the  Pentland  Hills,  and  Ludlow  rocks  occur  in  Lanark. 


112  PALEOZOIC   BOCKS.  [PABT  V. 

On  geological  maps  of  Ireland  Silurian  rocks  are  only 
shown  in  the  extreme  west  (Mayo,  Galway,  and  the 
Dingle  promontory)  ;  but  Graptolites  indicating  rocks  of 
Yalentian  age  have  lately  been  found  in  counties  Down  and 
Dublin. 

In  England  and  the  west  of  Ireland  the  Silurian  rocks 
are  generally  more  or  less  unconformable  to  the  Ordovi- 
cian,  the  lowest  members  being  generally  coarse  sandstones 
and  shore  deposits,  which  (as  is  usual  with  such  deposits) 
are  very  irregularly  developed,  and  are  sometimes  locally 
unconformable  to  one  another. 

In  Dumfriesshire  and  N.E.  Ireland,  on  the  other  hand, 
the  lower  beds  (Valentian)  are  of  a  deep-water  character, 
and  exhibit  a  complete  passage  from  one  system  into  the 
other.  In  the  Girvan  district  shallow  and  deeper  water- 
beds  alternate  with  each  other,  and  there  appear  to  be  local 
unconformities. 

Life  of  the  Period. 

Compared  with  Ordovician  life,  the  Silurian  assemblage 
is  characterized  by  (1)  the  exclusive  presence  of  the  Jfono- 
graptidce,  none  of  the  component  genera  Monograptus, 
CyrtograjpiuSy  and  Bastritea  being  known  in  the  Ordovician ; 
(2)  the  abundance  of  Actinozoa  (Corals),  no  less  than  76 
species  occurring  in  the  Wenlock  Limestone ;  Acerwlaria^ 
Alveolites,  Cyathophyllum,  Clisiophyllwmy  CyeiiphyUumy  all 
date  from  Silurian  times;  and  Lahechia,  Theday  PcUceo- 
cyclusy  Goniophyllum,  Omphymay  and  AulacophyUum  are  con- 
fined to  these  rocks ;  (3)  the  abundance  of  Echinoderms, 
especially  Crinoids  and  Cystideans,  of  which  there  are  68 
species  in  the  Wenlock  Beds.  CycUhocrinus,  Plcdycrinus, 
TdxocrinuSf  and  Palcechinus  commence  their  existence,  while 
CrotalocrinvSy  Marstipiocrimis,  EnaUocrinvs,  Ichthyocrinus, 
Apiocygtitesy  Echinoencrinus  and  PseudocriniteB  do  not  occur 
out  of  Silurian  beds  so  far  as  is  yet  known. 

Of  Crustacea  only  three  new  genera  of  Trilobites  make 
their  appearance,  viz.,  Deiphon,  Proetus  and  Cyphaspis ;  but 
the  first  forms  of  EurypteridsB  occur — Eurypterusy  PterygO' 
tu8y  Hemiaspisy  and  Slimonia,  Brachiopods  are  very  abun- 
dant, and  the  genera  AthyriSy  ChoneteSy  Pentamerus,  and 
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Bdzia  have  their  first  known  representatives.  Of  Lamelli- 
branchs  Cardiola,  CtenodorUa,  Orammysia,  Cucullella  and 
Fterinfea  are  the  principal  genera.  Among  Cephalopods 
manv  new  and  curious  forms  appear,  such  as  Actinoceras, 
Ascoceras,  Gomphoceras,  PhragmoceraSy  and  Trockoceras, 

Vertebrate  animals  in  the  form  of  fishes  make  their  first 
appearance  in  the  Ludlow  rocks,  the  genera  Auchenaspis, 
Cepkalaspisy  Pteraspis,  Plectrodiis,  and  Sphagodus  (all  be- 
longing to  the  order  Cfanaidei)  occurring  at  that  horizon. 

'file  f  oDowing  are  some  of  the  species  which  are  specially 
characteristic  of  the  three  great  groups  or  series  in  the 
Silurian  system. 


Fossils  of  the  Valentian  (Llandovery). 

Bhahdophora. — Diplograptus  folium,  Climacograptus  nor- 
malis,  Monograptus  gregarius,  M.  Sedgwickii,  Bastrites 
peregrinus,  R.  maximus. 

Adinozoa, — Petraia  bina,  Lindstrsemia  subduplicata,  and 
many  others  which  range  up  into  Salopian  beds. 

Crud(icea. — Proetus  Stokesii,  Acidaspis  Brightii. 

Brachiapoda, — Atrypa  hemispherica,  Orthis  reversa,  Me- 
ristella  crassa,  M.  angustifrons,  Ehynchonella  neglecta, 
Pentamerus  oblongus,  Stricklandia  lens. 

LameUibranchiata. — None  of  special  interest. 

Gasteropoda. — Euomphalus  prenuntius,  Holopella  plana, 
Mnrchisonia  angulata. 

Cephalopoda. — Cyrtoceras  approximation,  Tretoceras  biso- 
phonatum,  Orthoceras  conicum. 


Fossils  of  the  Salopian  (Wenlock). 

HydrocoraUina. — Stromatopora  striatella. 

Bhahdophora. — Monograptus  priodon,  M.  colonus,  M. 
vomerinus,  Cyrtograptus  Murchisonii. 

Actinozoa. — Omphyma  turbinatum,  Acervularia  luxurians, 
Alveolites  Labechii,  Heliolites  Grayi,  H.  interstinctus,  Favo- 
sites  Gothlandicus,  Strombodes  diffluens,  Cyathophyllum 
tnmcatum. 

II.  I 


Fig.  15.    Llandovery  Fosails. 

a.  Atrypa  hemispherics.  d.  Stricklaadinla  lena. 

b.  HeriBtell*  Migiutirrona.  ;.  Pentamerus  oblon^a. 

c.  OrthUreTersB.  '  «...__  ^_.-.ti. 

g.  Cyrtocerai 


J" 


Fig.  16.     SiluriiiQ  GraploIiWa. 
.  Monognptut  spiralis.  <^.  Monogisptus  priodoD 


Fig   17  Salopian  Fobs  b 

:  AeennUna  lunnaDi         i   Strophomena  eugljpba 
h.  lhD[dijiiia  tnrbinfttum         /  Sp  r  fer  plicatollui 

c.  AtTTpii  reticulani  g   Euomphaliu  diicors 

d.  SCrapbonieiia  dspreiu.        h   Homitlonotu*  dplph  nocpphaliu. 


( 
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Crustacea, — Phacops  caudatus  (from  Bala),  Calymene 
Blumenbachii  (from  Bala),  Illsenus  Barriensis,  Lichas 
anglicus,  Homalonotus  delphinocephalus. 

Echinodermata, — Crotalocrinus  rugosus,  Periechocrinus 
moniliformis,  Actinocrinus  pulcher,  Cyathocrinus  gonio- 
dactylus,  Pseudocrinites  quadrifasciatus. 

Brachiopoda. — Bhynchonella  borealis,  Betzia  Barrandii, 
Cyrtia  exporrecta,  Atrypa  reticularis,  Pentamerus  galeatus, 
Orthis  rustica,  Strophomena  euglypha,  Spirifer  plicatellus. 

LameUibranchs. — Cardiola  interrupta,  Grammysia  cin- 
gulata,  Pterinsea  asperula,  Pt.  retroflexa. 

Oasteropoda,  &c. — Euomphalus  discors,  Eu.  funatus, 
Acroculia  haliotis ;  Conularia  Sowerbyi  (from  Bala)  ;  Bel- 
lerophon  expansus. 

Cephalopoda. — Phragmoceras  ventricosum,  Ortboceras 
primaevum,  O.  annulatum,  Gompboceras  pyriforme. 


Fossils  of  the  Clunian  (Ludlow). 

Bhahdophora, — None  yet  found, 

Actinozoa. — None  specially  characteristic. 

Crustacea. — Homalonotus  Knigbtii,  Pterygotus  proble- 
maticus,  Eurypterus  abbreviatus,  Hemiaspis  limuloides. 

Echinodermata. — Ichtbyocrinus  pyriformis  (and  Wen- 
lock),  Palaeaster  Rutbveni,  Palseocoma  Colvini,  Protaster 
Miltoni. 

Brachiopoda. — Discina  rugata,  Lingula  cornea,  Orthis 
lunata,  PentameruQ  Knigbtii,  Chonetes  lata. 

LameUibranchs. — Avicula  Danbyi,  Cardiola  striata,  Gram- 
mysia triangulata. 

Chsteropoda. — Cyclonema  corallii,  Holopella  obsoleta, 
Pleurotomaria  nudata,  Platyschisma  helicites. 

Cephalopoda. — Ascoceras  Barrandii,  Ortboceras  buUa- 
tum,  O.  ludense. 

Pieces. — Plectrodus  mirabilis,  Pteraspis  truncatus,  Oncbus 
Murchisonii. 

Professor  Lapwortb  divides  the  SUurian  series  into  zones 
by  means  of  the  Graptolites,  which  have  a  limited  range. 
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Cliinian. — No  Graptolites  yet  found. 

[  Zone  of  MoQogra,ptua  NiUsoni. 
Afonc^raptus  testis. 
Cyrtograptus  Linnarssom. 
CyrtograptuB  Murchisoiu. 
Cyrtograptus  Qrayw. 
Monograptus  exiguus. 
Bastrites  maximus. 
MoDograptus  spmigeruB. 
MoDograptQB  gregarius. 
Diplt^raptus  ocumiimtufl. 


Salopian. 


Talentian.  i 


Ludlow  Fossils. 


a.  Cjclonenu  Corallii.  d.  Fenlunems  Knightii. 

b.  PrMMter  Milloni.  f.  Orthoceru  buUMam. 
e.  PftlsDcoiDa  Colrini.            /.  Phragmocera*  ti 


(I 
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Local  Stratigraphy. 
The  Welsh  Borders  (Shbopshibe,  etc.) 

I  place  the  account  of  these  districts  first  because  they  in- 
clude the  localities  where  Silurian  rocks  were  first  described 
by  Murchison,  Sedgwick,  and  Phillips,  and  the  sections  are 
therefore  classical,  though  they  can  hardly  be  regarded  as 
presenting  the  normal  f acies  of  the  Silurian  system,  for  the 
limestones,  which  are  such  prominent  members  of  it  in  these 
districts,  thin  out  rapidly  when  traced  westward  into  Wales, 
and  are  there  and  elsewhere  represented  by  shales  and 
sandstones ;  they  are  in  fact  lenticular  masses  or  episodal 
beds  (see  vol.  i.,  p.  310). 

In  the  counties  of  Gloucester,  Hereford,  Salop,  and 
Stafford,  there  are  no  fewer  than  nine  inlying  and  isolated 
areas  of  Silxirian  rocks,  besides  that  of  Wenlock  Edge, 
which  is  connected  with  the  main  outcrop  in  Wales.  These 
inlying  areas  are  those  of  Tortworth,  May  Hill,  Woolhope, 
Malvern,  Abberley,  Lickey,  Dudley,  Sedgley,  and  Walsall. 
The  same  order  of  succession,  more  or  less  complete,  is 
found  at  all  these  localities  and  along  Wenlock  Edge,  so 
that  the  following  account  is  applicable  to  all,  and  a  table 
of  variant  thicknesses  is  appended. 

Valentian. — The  Lower  Llandovery  sandstone  has  not 
been  proved  to  exist  in  any  of  these  exposures,  the  base- 
ment beds  here  belonging  to  the  Upper  Llandovery  group, 
which  everywhere  rests  unconformably  on  the  older  rocks, 
spreading  across  the  Ordovician  beds,  and  wrapping  round 
the  edges  of  the  Longmynd  Cambrians.  The  bottom  beds 
consist  of  coarse  conglomerates,  which  are  600  feet  thick 
in  the  Malvern  district,  and  are  there  overlain  by  500  feet 
of  purple  salidstone  and  shale,  with  a  band  of  impure 
limestone.  Besides  the  usual  fossils,  LingtUa  crumena  and 
Ctenodonta  Eaetnori  are  common  near  Malvern.  At  May 
Hill  it  consists  chiefly  of  grey  and  yellowish  grits,  sand- 
stones, and  flagstones.  In  Shropshire  there  are  coarse 
grits,  with  quartz  pebbles  at  the  base,  overlain  by  impure 
limestone  with  Pentamerus  oblongus — the  Hollies  lunestone. 

The  Tarannon  shales  were  found  by  Mr.  W.  S.  Symonds 
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in  the  Malvern  tunnel,  beneath  the  Woolhope  limestone, 
and  were  called  by  him  the  "  Woolhope  shales ; "  they 
occur  also  at  May  Hill  and  Woolhope,  and  are  present  in 
Shropshire  as  purple  shales  from  200  to  400  feet  thick. 

Salopian. — This  series  consists  of  two  limestone  groups, 
each  overlain  by  a  great  thickness  of  shale. 

Woolhope  or  Barr  Limestone,  At  May  Hill  this  consists 
only  of  irregular  courses  and  nodules  disseminated  in 
shales;  at  Malvern  there  are  thicker  limestones,  with 
shales  and  sandstones,  making  up  a  thickness  of  150  feet. 
In  the  Woolhope  Valley  it  has  a  similar  composition,  and 
forms  a  ring  round  the  dome  of  Llandovery  sandstone.  It 
is  well  exposed  at  Barr,  near  Walsall,  but  below  Wenlock 
Edge  it  is  very  thin.  The  fossils  are  of  the  same  species 
as  Qiose  in  Wenlock  Limestone  above. 


Fig.  19. 


Section  firom  Ledbury  to  the  Malvern  HilU, 
distance  about  four  miles. 


j.  Old  Red  Sandstone, 
t.  Ledbury  Shales. 
h.  Aymestrj  Limestone. 
g.  Lower  Ludlow  Shales. 
/.  Wenlock  Limestone. 


e.  Wenlock  Shale. 

(2.  Woolhope  Limestone. 

c.  Valentian. 

b,  Cambrian. 

a  and  x.  Schist  and  Gneiss. 


The  Wenlock  Shales  are  found  in  the  same  localities, 
and  consist  of  dark  grey  or  black  shales,  with  occasional 
calcareous  concretions;  thickness  from. 600  to  1,400  feet. 
Cyrtograptus  Murehisoni  is  distinctive  of  the  lo'^er  part  of 
these  beds. 

The  Wenlock  Limestone  is  a  grey  limestone  full  of 
corals  and  other  fossils,  from  100  to  300  feet  thick.  It  is 
sometimes  a  single  massive  limestone  formation,  as  along 
Wenlock  and  Benthall  Edges ;  sometimes  there  are  inter- 
stratified  layers  of  shale  dividing  the  limestone  strata  into 
two  or  three  separate  sections,  as  at  Dudley  and  Walsall. 
Corals,  Echinoderms,  Trilobites,  and  Brachiopods  abound 
everywhere  in  the  limestones. 
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Lower  Ludlow  Shales. — These  originally  formed  part  of 
Murchison's  Ludlow  group,  but  are  now  associated  with 
the  Wenlock  beds,  because  they  contain  many  of  the  same 
fossils,  and  cannot  be  separated  from  the  Wenlock  shales 
when  the  intermediate  limestone  is  absent.  They  consist 
of  soft  dark  grey  sandy  shale,  often  showing  a  tendency  to 
spheroidal  structure,  and  containing  nimierous  calcareous 
concretions.  Their  thickness  near  Wenlock  Edge  is  about 
900  feet. 

Clunian. — This  series  varies  very  much  even  within  the 
typical  district  of  its  occurrence,  but  the  following  divisions 
may  here  be  recognized : — 

Leintwardine  Flags. — The  shales  above  mentioned  pass 
into  thick  earthy  flagstones,  which  are  locally  called 
"pendle."  They  contain  large  Orthoceratites,  Starfish, 
and  Crustacea  of  the  genera  Pterygotus  and  Euryptems. 
These  flags,  says  Murchison,^  form  the  support  of  the 
Aymestry  limestone,  from  which  they  are  usually  separated 
by  soft  soapy  beds,  in  parts  an  imperfect  fuller's  earth. 

The  Aymestry  Limestone  is  a  dark  earthy  or  argillaceous 
limestone,  often  becoming  nodular  and  dying  away  into 
bands  of  calcareous  nodules,  but  attaining  a  maximum  of 
some  fifty  feet  near  Aymestry.  Fentamsrus  Knightii  and 
Lingula  Lewisii  are  the  chief  fossils. 

The  Upper  Ludlow  Shales  are  soft  sandy  shales  or  mud- 
stones,  with  thin  beds  of  shelly  limestone.  In  Shropshire 
they  are  said  to  be  900  feet  thick,  but  at  Malvern  they  are 
only  about  140  feet.  They  contain  large  Eurypterid  Crus- 
tacea, and  are  surmounted  by  a  thin  layer  termed  the 
"  Bone  Bed,"  three  or  four  inches  thick,  but  remarkable 
for  containing  the  earliest  remains  of  Fish,  and  also  for  its 
uniform  extension  over  a  considerable  area ;  it  has  been 
traced  from  Ludlow  in  Shropshire  to  Pyrton  Passage  near 
the  mouth  of  the  Severn,  a  distance  of  forty-five  miles.  It 
may  be  regarded  either  as  the  top  of  the  Ludlow  shales,  or 
as  the  base  of  the  succeeding  sandstone. 

The  Downton  Sandstone. — A  fine  yellow  thin-bedded  mica- 
ceous sandstone,  quarried  for  building  stone  at  Downton 
Castle  near  Ludlow ;  its  thickness  here  and  at  Malvern  is 
about  100  feet. 

»  "  Sil.,"  p.  125. 
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Ledbury  Shales, — Bed  and  grey  shales  and  flagstones, 
which  pass  upwards  into  the  wholly  red  beds  of  the  so- 
called  Old  Bed  Sandstone.  These  and  the  Downton  Sand- 
stone were  termed  the  Tilestones  by  Murchison,  and  re- 
ferred to  the  Old  Bed  Sandstone,  but  the  fossils  contained 
in  the  grey  beds  are  Silurian  forms,  and  must  therefore  be 
included  in  the  older  system.  Some  of  the  beds  are  used 
for  tiles,  whence  the  local  name.  The  shales  contain 
Lingula  cornea^  Disdna  rugatay  Orthis  lunata,  Platyechiama 
helicUes,  and  species  of  Eurypterue  and  Cephalaspis. 

The  following  table  shows  the  thickness  in  feet  of  the 
sereral  subdivisions  at  the  principal  localities  above  men- 
tioned : — 
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thin 

The  most  noteworthy  point  which  this  table  brings  out 
is  the  southerly  attenuation  of  the  Ludlow  beds  lying 
above  the  Wenlock  limestone ;  from  a  thickness  of  nearly 
2,000  feet  in  Shropshire,  these  beds  are  reduced  to  360  feet 
at  May  Hill,  and  80  feet  at  Tortworth. 


South  and  Centbal  Wales. 

The  subdivisions  which  have  been  established  in  the 
limited  area  where  the  Silurian  rocks  were  first  described 
will  not  apply  to  the  Silurian  series  outside  that  area. 
When  traced  in  any  westward  direction,  a  similar  change 
takes  place  in  the  lithological  character  of  the  rocks :  all 
the  limestones  thin  out  and  disappear,  and  the  soft  mud- 
iton^  change  into  a  series  of  hard  shales  and  flags,  with 


122  P^L£OZ0IC   BOCKS.  [PART  T. 

courses  of  hard  grit  and  eandstoiie ;  coSBOquently  it  be- 
comes difScult  to  indicate  the  limits  even  of  the  three  larger 
groups  into  which  the  system  is  divided.  This,  however, 
has  been  done  approximately,  and  will  eventually,  no 
doubt,  be  determined  in  a  more  satisfactory  manner  when 
the  Oraptolitic  zones  are  worked  out. 

Valentian. — McHsrs.  Marr  and  Koberts  describe  a  series 
of  Lower  Llandovery  beds  in  Pembrokeshire,  consisting  of 
green  grita  and  gritty  shales  with  calcareous  bands,  con- 
taining NidulHes  faviis,  StricMandinia  lirata,  Pkaeopt 
elegant,  and  Detphon  Forbesi.  These  grits  seem  to  form  a 
continuous  strip  above  the  Bala  rocks  through  Caermar- 
thenshire  to  the  neighbourhood  of  Llandovery,  where  they 
have  a  thickness  of  about  1,000  feet,  and  are  overlain  by 
coarse  sandstones,  with  layers  of  Peniamerws  oUon^ie  (300 
feet) ;  these  latter  are  the  equivalent  of  the  May  Hill 
Sandstone,  and  are  succeeded  by  HOO  feet  of  pale  blue, 
grpcn,  and  brown  shales  (Tarannon  Shale). 

A  similar  succession  is  found  to  the  west  of  Builth  for  a 
space,  but  elsewhere  the  Upper  Llandovery  is  absent,  per- 
haps overlapped  by  the  Tarannon  Shale,  which,  with  the 
Lower  Llandovery  grits,  is  found  everywhere  at  the  base  of 
the  Silurian  system  through  Eadnor  and  Montgomery. 
They  occur  also  near  Presteign,  where  the  sandstone  is 
locally  termed  "  Gorton  Grit,"  and  the  shale  is  overlain  by 
Woolhope  limestone. 

Valentian  rocks  also  occupy  an  eitensive  area  in  Cardi- 
gan and  West  Montgomery,  where  the  Bala  Beds  dip 
everywhere  beneath  a  central  mass  of  shales  and  grits 
which  have  lately  been  proved  to  be  Talentian.  Jukes 
long  ago  remarked '  "  that  this  group  of  rocks  probably 
has  in  reality  a  much  wider  extension  than  has  yet  been 
assigned  to  it,  and  occupies  more  or  less  of  the  wcge  tract 
of  (so-called)  Lower  Silurian  ground,  which  spreads  in 
numerous  undulations  through  Cardiganshire  and  the 
adjacent  counties."  This  area  has  recently  been  examined 
by  Mr.  W.  Keeping,  who  makes  two  groups — the  Aberyst- 
with  Grits  and  the  Metalliferous  Slates,  their  united  thick- 
ness being  3.000  feet.     The  slates  contain  Baetriies  ptre^ 

'  "  Manual  of  Geology,''  second  rditioo,  1662,  p.  452. 
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grimis,  B.  maximtLS,  Monograptus  Sedgtvickiiy  M.  gregariusy 
and  many  other  graptolites;  the  grits  have  Monograptus 
Sedgwickii,  M.  tumculattis,  Dictyonema  delicatulum,  and 
Phacops  elegans, 

Salopian  and  Clunian. — These  come  in  to  the  south 
of  Llandeilo,  and  stretch  to  the  north-east,  in  a  constantly 
widening  strip ;  but  owing  to  the  entire  absence  of  lime- 
stones the  two  groups  have  not  been  definitely  separated. 
Near  Llandovery  they  consist  of  grey  shales  and  calcareous 
bands  with  thin  sandstones,  passing  up  into  a  series  of 
thick  sandstones  with  beds  of  shale,  the  whole  series  being 
5,500  feet  thick,  overlain  by  800  feet  of  fossiliferous  lami- 
nated sandstones  or  tilestones. 

Professor  Lapworth  remarks  that  the  lower  part  of  the 
so-called  Wenlock  series  from  Llangaddock  to  Bala  Lake 
is  everywhere  marked  by  a  zone  of  dark  shale,  with  CyrtO' 
grapttts  MurchisonL  West  of  Newtown  this  shale  is  about 
150  feet  thick  (Geol.  Survey  Sections,  sh.  30). 

At  Builth  the  limestones  begin  to  make  their  appearance, 
and  the  Wenlock  shales  overlap  the  Valentian,  so  as  to  rest 
on  Llandeilo  beds.  The  succession  is  as  follows,  according 
to  De  la  Beche : — 

Feet. 

(Micaceous  sandstone  with  fossils  (Tilestones)    .         .  — 

Grey  thin -bedded  sandstones,  often  micaeeons  .        .  3,168 

Thin  baud  of  limestone,  with  Pentam.  Knightii         .  — 

Argillaceous  sandstones 210 

(Thin  limestone  beds 10 

ArgillaoeouB  san^^tones 300 
Nodules  and  interrupted  beds  of  limestone  (Wenlock 

fossils) 10 

Shales  with  nodules  of  argillaceous  limestone   .        .  550 
Argillaceous    sandstones    (?  representing    Denbigh 

grits) 250 
Shales  with  nodules  and  beds  of  limestone  (?Wool- 

hopft) 750 

5,248 

Li  the  Badnor  and  Clun  Forest  area  the  Wenlock  and 
Ludlow  series  appear  to  attain  a  great  development, 
and  consist  of  the  following  members  in  descending 
order : — 
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Feet. 

f  Red  marls  and  grey  micaceous  sandstones  1 ,500 
Clunian.  -|  Sandj  and  flaggy  brown  shales,  with  beds  of  dark 

\     brown  sandstone,  about 3,000 

'  Grey  and  blue  sandy  shale,  about    ....  1,500 
Thick  grey  gritty  sandstones,  with  bands  of  hard 

slaty  shale  (Denbigh  Grits) 900 

^  Black  shales  with  Graptolites 150 


Salopian. 


7,050 

These  details  are  taken  from  sheet  30  of  the  Horizontal 
Sections  of  the  Geological  Survey,  the  thicknesses  of 
the  central  beds  being  corrected  in  accordance  with  Sir 
A.  Ramsay's  estimate.* 

The  Denbigh  grits,  which  replace  the  lower  part  of  the 
Wenlock  shale,  appear  to  commence  near  Builth,  and  thicken 
rapidly  as  they  are  traced  to  the  north-west. 

Two  inlying  areas  occur  to  the  eastward  of  the  main 
outcrop.  Near  Cardiff  the  Silurian  rocks  are  brought  up 
by  an  anticlinal  fold,  and  have  been  described  by  Professor 
W.  J.  Sollas.^  They  belong  to  the  Salopian  and  Clunian 
series,  and  may  be  summarized  as  follows : — 

Feet. 

C  Grit  bed  with  fish  remains      ...       — 

Ludlow,   "j  Upper  Ludlow  (grey  mudstones)     .         .     254 

^  Lower  Ludlow  shales  and  mudstones  130 

(Thin  limestones  with  shales  and  sand- 
stones and  Wenlock  fossils ...       74 
Shales  and  sandstones     ....     107 
Rhymney  grit  (sandstones)     ...       50 
Greenish  grey  mudstones  and  sandstones     380 

Another  Silurian  tract  occurs  to  the  north-east,  between 
XJsk   and   Pontypool;    but  here  the  limestones  are  well 

^  In  this  section  the  Ludlow  Beds  are  drawn  as  6,000  feet  thick  and 
the  Wenlock  Shale  as  4,000  feet,  but  in  sheet  27  across  Radnor  Forest 
the  thicknesses  are  respectively  4,000  and  2,200,  and  a  third  section 
(sheet  6)  across  the  country  between  Radnor  Forest  and  Builth  gives 
2,700  (Ludlow)  and  2,400  (Wenlock);  while  Sir  A.  Ramsay,  in  his 
*' Memoir  on  North  WaJes*'  (p.  306),  states  that  the  average  thickness 
is  that  given  above,  viz.  3,000  and  1,500.  These  discrepancies  are 
possibly  due  to  the  existence  of  concealed  flexures  which  are  not  shown 
in  the  sections. 

^  "  Quart.  Journ.  G^eol.  Soc.,"  vol.  xxxv.,  p.  475* 
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developed,  and  in  all  respects  similar  to  those  of  Woolhope 
and  Malvern.    The  succession  is : — 


r  Upper  Ludlow 
Ludlow.    \  Aymestry  limestone 

'  Lower  Ludlow 

C  Wenlock  limestone . 
Wenlock.  \  Wenlock  shales 

V  Woolhope  limestone 


Feet. 
120 
20 
190 
120 
300 
130 


NoETH  Wales. 

Valentian. — In  the  Himant  Valley  the  Himant  lime- 
stone is  succeeded  by  coarse  unfossiliferous  grits,  250  feet 
thick,  which  are  now  regarded  as  Lower  Llandovery.  Simi- 
lar grits,  50  feet  thick,  occur  in  the  Corwen  Valley,  and 
have  yielded  MerieteUa  craesa.  They  are  absent  at  and 
south  of  Conway,  but  set  in  to  the  east  of  Bala  Lake,  and 
can  be  followed  for  about  twenty  miles  to  the  Tarannon 
Valley,  where  they  either  thin  out  or  are  overlapped  by  the 
succeeding  shales. 

No  sheU-bearing  Upper  Llandovery  has  yet  been  identi- 
fied, but  the  Tarannon  Shales,  with  some  underlying  grits, 
are  everywhere  found ;  the  lowest  zone  consists  of  black 
shales,  with  Monograptua  convoltitiis,  M,  tenuis,  and  M,  gre- 
garius ;  and  above  these  are  pale  green  shales,  with  Mono- 
fraptus  priodon  and  M,  exiguus.  Their  thickness  is  from 
600  to  700  feet,  and  they  appear  to  pass  transgressively 
across  the  edges  of  the  older  beds,  for  near  Conway  they 
rest  on  beds  which  are  not  much  higher  than  the  Bala 
limestone  (Bamsay). 

Salopian. — All  along  the  main  outcrop  between  Con- 
way and  Builth,  the  Valentian  shales  are  succeeded  by  a 
series  of  coarse  grits,  which  are  in  some  places  3,000  feet 
thick ;  but  along  the  north  side  of  the  Berwyns  these  thin 
away,  and  are  replaced  by  ordinary  Wenlock  shale.  In  the 
oentre  of  Denbighshire  the  following  succession  can  be 
made  out  in  descending  order :  * — 

'  See  Marr,  in  **  Quart.  Jonni.  Geol.  Soc.,"  vol.  xxxvi.,  p.  277. 
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4.  Coarse  grits  (seen  only  in  the  Clwjd  valley). 

3.  Llansannajt  shatee,    with   Atrypa   reticularis,  Bhyn- 

ekonella  Wileoni,  Rk.  nuettta,  Gardiola  intemipta. 
2.  Coarse  grits,  Oalymetie  Blutnenbachii,  Pkacopa  cauda- 

tus,  Ortkie  biloba,  Spiri/era  plicateUa. 
1.  Blue  flaggy  Blat«s,  Gyrtograptut  Murehtsoni,  Mono- 

graptug  priodon,  if.  vomerintu,  Cardiola  interrupta. 

No.  1  clearly  represents  the  lower  part  of  the  Weulock 
shales,  and  the  remaining  stages  must  be  the  equivalents 
of  the  upper  shales  and  Wenlock  limestone. 

Clunian.— The  Silurian  series  of  North  Wales  ends 
abruptly  with  No.  4  of  the  above,  which  is  succeeded  un- 
conformably  by  the  basement  Carboniferous  conglome- 
rates, and  no  true  Clunian  beds  are  seen.  Fragments  of 
the  micaceous  Tilestones  have,  however,  been  discovered  in 
this  conglomerate,  proving  that  these  uppermost  Silurian 
rocks  were  originally  present,  but  were  destroyed  during 
the  Carboniferous  subsidence. 

Lake  District. 

In  Westmoreland  there  is  a  great  thickness  of  slates, 
grits,  and  flagstones,  which  were  first  examined  and  de- 
scribed by  Professor  Sedgwick ;  he  recognized  them  &a 
Silurian,  and  divided  them  into  three  sections  under  the 
names  of.  1,  Coniston  Grits  ;  2,  Ireleth  Slates  ;  3.  Kendal 
group.  The  two  latter  groups  have  since  received  different 
names,  and  minor  subdivisions  have  been  established. 
The  following  is  the  present  classification  :— 

Valentian. — Here,  as  in  North  Wales,  this  series  con- 
sists of  three  stages ;  (i.)  a  set  of  grits  and  conglomeratic 
beds  resting  unconformably  upon  the  Ordovician  series ; 
(ii.)  black  shales  with  Qraptolites ;  (iii.)  pale  green  and 
purple  shales.  The  whole  series  is  not  more  than  250  feet 
thick ;  the  two  lower  groups  are  termed  the  Stockdale 
Shales  in  the  publications  of  the  Geological  Survey,  and 
the  upper  group  are  called  the  Pale  Slates. 

No.  i.  contains  Favositeg  fibrong,  M&isteUa  crasea,  and 
several  species  of  Orihig,  and  is  evidently  the  representa- 
tive of  tne  shell-bearing  grits  of  Nrftth  Wales,     In  the 
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coontrj  about  Kendal  and  Sedbergh  this  stage  is  absent, 
and  the  black  shales  rest  upon  the  Coniston  Limestone. 

No.  ii.  were  termed  the  Coniston  Mudstones  by  Hark- 
ness  and  Nicholson.  Thej  contain  Monograptus  tenuis,  M, 
Sedgwickii,  BastrUes  peregrimis,  and  other  Graptolites, 
Acidaspis  granvXaius,  Cheirurus  hitnucronattis,  and  other 
Crustacea. 

No.  iii.,  the  Pale  Slates,  are  clearly  the  equivalent  of  the 
l^uunnon  Shales,  but  the  only  fossils  found  are  Motiograp- 
ius  Beckiy  M.  turriculatus,  and  if.  priodon, 

Salopian. — A  series  of  flags  and  grits  exactly  like  the 
Denbigh  Flags  of  Wales,  and  divisible  into  the  following 
stages :  * — 

i.  Brathay  Flags,  about  500  feet  thick,  and  containing 
Monograptvs  prwdon,  M,  vomerinua,  and  Cyrtograptus 
MurchUoni.  This  is  clearly  the  Cyrtograptus  zone  which 
occurs  throughout  Wales  above  the  Tarannon  Shale  (see 
p.  123). 

ii.  The  Coldwell  Beds. — Gritty  flags  and  bluish  sandy 
mudstones,  containing  Monograptus  colonus,  Phdcops 
Stokesii,  -P.  chtimcaiidata,  Actinocrinua  pulcher,  Cardiola 
tjUerrupta,  and  Orthoceras  primcevum.  Equivalent  to  the 
lower  grits  and  Llansannan  Shales  of  Wales;  thickness 
about  2,000  feet. 

iii.  The  Coniston  Grits. — ^These  represent  the  upper  grits 
of  Wales,  and  are  about  4,000  feet  thick.  Cardiola  inter- 
rupta,  Pterincea  tennistriata,  and  Orthoceras  suhundulaium 
are  the  commonest  fossils ;  but  near  Sedbergh  there  is  a 
band  of  coarse  grit,  about  1,200  feet  from  the  base,  which 
contains  a  peciiliar  assemblage,  including  BhynchoneUa 
navicular  Chonetes  lata,  and  Orthis  lunaia,  these  being 
Ludlow  species,  and  reappearing  later  on  in  the  higher 
beds  of  the  same  area. 

iv.  Bannisdale  Slates. — These  are  included  in  the  Salo- 
pian series,  as  they  appear  to  be  the  equivalents  of  the 
L)wer  Ludlow  shales.  They  are  described  as  sandy  mud- 
stones with  thin  beds  of  hard  sandstone,  the  whole  about 
4,000  feet  thick.     Fossils  are  rare,  but  Orthoceras  primce- 

'  According  to  Mr.  J.  E.  Marr, "  Qaart.  Joum.  Geol.  See.,"  toI. 
Mxir.,  pi  S71. 
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tnwn,  0.  avhundulatum,  and  a  variety  of  Calymene  Blu' 
menbachii  have  been  found. 

Clunian. — Above  the  last  come  bluish  thin-bedded  sand- 
stones with  subordinate  beds  of  shale,  containing  Pro- 
taster  MiUoni,  Rhynchonella  navictUa,  CucuUeUa  Cawdori, 
Phacops  Bowningice,  and  other  fossils.  There  is  also  a  cal- 
careous band  which  contains  Palceaster  and  Proetue  IcUi' 
frons,  and  has  been  identified  by  Mr.  Aveline  with  the 
Aymestry  limestone. 

These  beds  are  about  1,200  feet  thick,  and  above  them 
are  massive  greenish  and  grey  sandstones,  with  calcareous 
(fossiliferous)  bands,  and  passing  up  into  flags  resembling 
the  Tilestones.  These  are  known  as  the  Kirkby  Moor  Flags, 
and  are  more  than  2,000  feet  in  thickness.  Fossils  are 
abundant,  the  following  being  some  of  the  most  charac- 
teristic : — 

Lingula  cornea.  Grammysia  cingulata. 

Piscina  rugata.  Cyclonema  Corallii. 

Spirifera  elevata.  Hjlopella  gregaria. 

Chonetes  lata.  Orthoceras  ludense. 

Orthonota  amygdalina.  Lituites  ibex. 


South  Scotland. 

The  only  districts  which  have  yet  been  studied  in  detail 
are  those  of  Girvan  and  Moffat,  and  the  following  account 
of  them  is  taken  from  Professor  Lapworth's  papers.* 

Valentian. — At  Quarrel  Hill,  near  Girvan,  the  base  of 
the  Silurian  is  a  conglomerate  consisting  of  large  pebbles 
in  a  sandy  matrix  of  a  dull  purplish  tint,  and  overlain  by 
dark  grey  sandstones  (Mulloch  Hill)  with  MeristeUa  angus- 
tifrons,  Atryjpa  hemispherical  &c.  These  pass  up  into 
graptolitic  mudstones,  the  whole  group  being  350  feet 
thick,  probably  representative  of  the  Lower  Llandovery 
of  Wales.  The  Upper  Llandovery  is  here  represented 
l^y  grits  and  flags,  succeeded  by  shales  with  Monograptus 
gregariiis  and  Mastriies  peregrinua, 

^  "  Quart.  Jonrn.  Geol.  Soc.,"  vol.  xxxiv.,  p.  240,  and  vol.  xxxviii.. 
p.  538. 
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In  another  locality  the  Mulloch  Hill  Beds  are  absent, 
and  the  upper  beds  commence  with  a  conglomerate  covered 
by  an  impure  limestone  with  Pentanierus  lens  and  P. 
oblcngvs,  and  succeeded  by  shales  and  grits.  Above  these 
is  the  Camregan  group,  including  a  limestone  still  with 
Yalentian  fossols.  The  united  thickness  of  this  group  is 
700  feet.  It  is  succeeded  by  a  series  of  purple  shales  and 
green  or  grey  grits  (PenkiU  group),  representing  the  Taran- 
non  shales,  and  containing  Monograptus  priodon,  M, 
exiquus,  and  Cyrtograptus  Orayce ;  thickness  about  1,000 
feet. 

In  Dumfries  the  lower  half  of  the  above  series  is  repre- 
sented by  a  group  of  soft  black  shales  no  thicker  than 
140  feet,  but  containing  the  same  Graptohtes,  and  divi- 
sible by  them  into  the  following  zones,  in  descending 
order : — 

Zone  of  Bastrites  maximus. 

Monograptus  spinigerus. 
Diplograptus  cometa. 
Monograptus  gregarius. 
Diplograptus  vesiculosus. 
Diplograptus  acuminatus. 

The  Moffat  Shales  are  succeeded  by  the  Gkila  Beds,  a 
thick  series  of  flagstones  and  shales,  with  Monograptus 
priodon,  M,  Sedgtoickii,  and  Cyrtograptua  Orayce,  and  there- 
fore generally  eqxiivalent  to  the  PeiJrill  group. 

Salopian. — In  the  Girvan  area  the  PenkiU  beds  are  fol- 
lowed  by  the  Bargany  group,  pale  flagstones,  shales,  and 
mudstones,  and  these  by  the  Straiton  group,  consisting  of 
grey  flags  and  shales  in  the  lower  part,  overlain  by  grits 
aDd  conglomerates.  These  two  groups  are  1,600  feet  thick, 
and  are  probably  to  be  correlated  with  the  Coldwell  Beds 
of  the  Lake  District.  Monograptus  vomerinus,  Beiiolitea 
GtiniizianuSf  Cardiola  fibrowL,  Beyrichia  Klasdeni,  and  other 
fossils  occur.  The  Riccarton  beds  of  the  Southern  Uplands 
and  Mosspaul  on  the  Scotch  Border  are  part  of  the  same 
^unan  series,  and  are  certainly  of  Wenlock  Shale  age. 

Clunian. — No  higher  beds  have  yet  been  found  in  the 
extreme  south  of  Scotland,  but  near  Lesmahago  in  Lanark 
the  Lower  Old  Bed  Sandstone  passes  down  into  a  thick 

II.  K 
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series  of  broMm  shales  and  olive-coloured  mudstones, 
exactly  like  the  Upper  Ludlow  beds  of  Shropshire,  and 
containing  Orthonota  amygdalina,  Plaiyschisma  helidtesy 
Ceratiocaris  papilio,  and  species  of  Euryptervs,  Pterijgotus, 
and  Slimonia.  Again,  in  the  Pentland  Hills  shellj  sand- 
stones,  flags,  and  shales  occur,  which  are  crowded  with 
fossils  of  Wenlock  and  Ludlow  species,  and  these  likewise 
pass  up  into  the  Lower  Old  Eed  (see  fig.  27,  p.  151). 


Westeen  Ireland. 

The  Irish  Silurians  have  not  yet  been  completely  worked 
out  and  compared  with  their  English  equivalents ;  but  re- 
presentatives of  the  whole  Silurian  series  appear  to  exist, 
those  in  the  west  being  shore  deposits,  and  those  in  the 
east  being  similar  to  the  deeper  water  beds  of  the  Lake 
District. 

Valentian. — It  has  already  been  mentioned  that  a  band 
of  metamorphosed  Cambrian  rocks  ranges  through  the 
north  of  Ireland  south-westwards  to  the  shores  of  Galway 
Bay.  These  rocks  are  unconformably  overlaid  by  conglo- 
merates, sandstones,  and  shales  of  Llandovery  age,  con- 
taining pebbles  of  the  Cambrian  rocks  upon  which  they 
rest.^  The  strata  are  well  exposed  near  Killary  Harbour, 
and  along  the  west  side  of  Lough  Mask  in  Gulway,  and 
contain  Atrypa  hemispherica,  Encrintirus  punctcUus,  lUcenw 
Bcywmanni,  Trochua  mvltitorquatua. 

Again,  at  Smerwick  Bay  (county  Kerry)  a  thick  series  of 
red,  green,  and  yellow  sandstones,  with  bands  of  conglo- 
merate, underlie  rocks  containing  Wenlock  fossils;  they 
may,  therefore,  be  referred  to  the  Valentian  or  Llandovery 
group,  though  no  fossils  have  yet  been  found  in  them,  and 
their  base  is  not  seen.  In  siniilar  beds  at  Bulls  Head  and 
Caherconree,  Atrypa  hemispherica  and  other  fossils  have 
been  found. 

Salopian. — At  Lough  Mask  the  Llandovery  beds  are 
overlaid  by  shales  and  sandstones  containing  Wenlock 
fossils,  and  interstratified  with  these  are  sheets  of  lava 

*  See  Professor  Hull's  "  Physical  Geology  of  Irelaod,'*  p.  22. 
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(eurite)  and  beds  of  tuff  proving  that  volcanic  outbursts 
took  place  in  this  area  of  deposition.  These  beds  are  2,400 
feet  thick,  and  are  still  thicker  to  the  west,  where  they  form 
the  Mweelrea  mountains,  and  with  the  volcanic  rocks  at 
the  base  have  a  thickness  of  3^200  feet.  In  the  Dingle 
promontory  the  Smerwick  beds  are  succeeded  by  the  Ferri- 
ters  Cove  beds,  which  consist  of  green  sands  and  shales 
with  bands  of  red  sandstone,  2,500  feet  in  all.  In  these 
fossils  of  Wenlock  type  occur. 

Clunian. — Succeeding  the  last  in  the  Dingle  promon- 
tory are  the  Croaghmarhin  beds — hard  brown  calcareous 
grits  with  PentameriM  Knightii  and  other  Ludlow  fossils. 
These  dip  southward  at  a  high  angle,  under  a  great  series 
of  green  and  purple  grits  and  shales  without  fossils,  which 
pass  up  into  thick  bedded  grits  and  sandstones  of  red  and 
green  tints ;  these  are  the  Dingle  beds  or  Glengariff  grits 
of  Jukes  and  Du  Noyer,  who  estimate  their  thickness  as 
from  7,000  to  10,000  feet.  They  are  imconformably  over- 
kid  hy  the  Lower  Carboniferous  sandstones  (Old  Bed 
Sandstone).     See  fig.  28. 

Id  Galway  the  Mweelrea  series  is  overlain  by  the  Salrock 
beds — red  shales  with  green  and  red  grits,  some  of  which 
are  full  of  minute  Lingular  (L.  Symondsii),  with  Pterincea 
niroflexa  and  Trochus  muUitorquatvs,  but  no  charac- 
teristic Ludlow  fossils,  though  they  are  supposed  to  be  of 
that  age. 


EiiSTEBK  Ireland. 

Valentian. — In  county  Down  there  appears  to  be  a 
Cijmplete  series  of  Lower  Silurian  and  Valentian  beds  ex- 
posed along  the  shores  of  Belfast  Lough.  They  have  been 
studied  by  Mr.  Swanston,^  who  collected  the  following 
Or^tolites  (among  many  others)  from  the  beds  in  Coal-pit 
Baj,  which  succeled  those  containing  Hartf ell  species : 
£akn^  peregrinue,  Monograptus  gregaritis,  M.  Sedgvnckii, 
yi.imuia,  Diplograptvs  folitim,  Betiolites  perlatus.  Higher 
^  representing  the  Gala  and  Tarannon  groups  occur  on 

^  ''  TraDB.  Belfast  Nat.  Hist.  Field  Club,"  Appendix,  1876-77. 
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Strangford  Lough,  and  contain  many  Monograpfi — ^priodony 
turriculatuSf  riccartonerms,  Ac. 

At  Portraine,  co.  Dublin,  the  Coniston  limestone  is  suc- 
ceeded by  dark  shales,  like  the  Graptolitic  mudstones 
of  the  ]ja.ke  District,  overlain  by  greenish  shales  com- 
parable to  the  Stockdale  and  Knock  beds,  according  to 
Messrs.  Harkness  and  Nicholson.  A  similar  succession 
occurs  at  the  Chair  of  Kildare. 

Salopian. — The  pale  shales  near  Portraine  are  suc- 
ceeded by  hard  grey  sandy  rocks,  resembling  the  Coniston 
Flags,  but  no  higher  beds  have  yet  been  discovered  in  this 
part  of  Ireland. 

Volcanic  Rocks. 

The  only  part  of  the  British  Islands  where  volcanic  rocks 
are  interbedded  with  Silurian  strata  is  the  west  of  Ireland. 
The  volcanic  zone  here  appears  to  be  at  the  base  of  the 
Wenlock  series ;  at  Carhoo,  on  the  west  coast  of  the  Dingle 
promontory,  thick  beds  of  volcanic  ash  and  f elsitic  lava 
occur  with  bands  of  slate  containing  Wenlock  fossils. 
Again,  in  the  Killary  district  (G-alway  and  Mayo)  there  are 
similar  beds  at  the  base  of  the  Mweelrea  series,  consisting 
of  massive  felspathic  lavas  with  thick  beds  of  tuff  and 
agglomerate,  the  whole  group  attaining  a  thickness  of 
1,200  feet  below  Mweelrea. 


European  Mocks. 

The  most  complete  series  of  Silurian  rocks  on  the  con- 
tinent are  found  in  Scandinavia  and  Bohemia. 

Scandinavia. — The  Silurian  series  of  Scandinavia  has 
been  compared  with  those  of  Britain  by  Mr.  J.  E.  Marr, 
and  the  following  account  is  taken  chiefly  from  his  descrip- 
tion. The  principal  districts  in  which  the  rocks  occur 
are  Christiania,  Scania,  Dalecarlia,  Westrogothia,  and 
Ostrogothia.  It  may  be  mentioned  that  the  total  thick* 
ness  of  the  series  in  Scania  (some  5,000  feet)  is  much 
greater  than  the  Scandinavian  Silurians  were  formerly 
credited  with.    In  the  other  districts  it  is  less  than  1,000. 
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Valentian. — In  Sweden  the  Lower  Brachiopod  schists 
are  succeeded  by  calcareous  -sandstones  and  limestones 
containing  numerous  fossils,  and  these  pass  up  into  the 
"  Bastrites  schists/'  the  Graptolites  of  which  identify  them 
with  the  Birkhill  shales  of  Scotland,  the  zones  occurring 
in  the  same  sequence.  Mr.  Marr  points  out  that  in  Dale- 
carlia  the  calcareous  beds  rest  immediately  upon  the 
Trinucleus  shales  (of  Bala  age),  and  that  near  Christiania 
these  beds  are  represented  by  coarse  calcareous  conglo- 
merates which  rest  upon  the  Chasmops  limestone.  These 
facts  appear  to  indicate  that  a  break  or  unconformity 
occurs  locally  at  the  base  of  the  Silurian  series  in  Scandi- 
navia  as  in  Britain,  although  in  most  localities  ther^  is 
apparently  an  unbroken  succession. 

Salopian. — In  Scania,  Dalecarlia,  and  Westrogothia 
the  Bastrites  schists  are  succeeded  by  the  Oyrtograptus 
schists  (=  Brathay  Flags  of  Cumberland).  They  are  suc- 
ceeded in  Scania  by  the  Cardiola  schists,  consisting  of 
shales  and  interstratified  limestones,  which  are  more  than 
3,000  feet  thick,  and  may  be  correlated  with  the  Cold- 
well  Beds  of  the  Lake  District.  The  Gothland  limestone, 
which  closely  resembles  the  Wenlock  limestone  in  appear- 
ance and  in  its  fossil  contents,  seems  to  be  the  sole  repre- 
sentatiTe  of  the  Salopian  group  in  that  region. 

Clunian. — A  limestone. and  shale  series  in  Scania  has 
been  correlated  with  the  Aymestry  limestone  by  Dr.  Tull- 
herg,  but  Mr.  Marr /considers  it  more  probably  of  Salopian 
age.  The  sandstones  of  Kaerrstorp  and  Mved,  however, 
are  certainly  of  Clunian  age,  and  are  respectively  800  and 
600  feet  thick. 

Bohemia. — Our  knowledge  of  this  area  is  due  to  the 
laborious  researches  of  Barrande,  and  the  divisions  esta- 
blished by  the  great  Bohemian  geologist  have  recently  been 
compared  with  the  British  groups  by  Mr.  Marr,  to  whose 
papers  the  reader  is  referred.^  Their  united  thickness  is 
between  2,000  and  3,000  feet. 

Russia. — In  the  Baltic  provinces  the  Silurian  system  is 
reduced  to  a  thickness  of  less  than  200  feet,  but  all  three 

'  "  QuATt.  Jonrn.  Geol.  Soc.,"  vol.  xxxvi.  p.  591,  and  "  Classification 
of  Camb.  and  Sil.  Rocks,*'  1883  (Bell  and  Sons). 
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series — Valentian,  Salopian,  and  Clunian — are  represented. 
The  beds  consist  of  soft  unaltered  horizontal  strata,  the 
general  aspect  of  which  is  like  that  of  our  Secondary  rocks. 


Physical  Geography, 

We  have  seen  that  the  Ordovician  period  was  one  of 
general  depression,  but  that  at  its  close  there  was  a  general 
upheaval,  bringing  up  portions  of  the  sea-bottom,  appa- 
rently in  the  shape  of  ridges,  which  formed  more  or  less 
continuous  tracts  with  some  associated  islands.  This 
upheaval  was  of  course  a  gradual  movement  commencing 
in  some  areas  during  the  formation  of  the  Lower  Llan- 
dovery beds,  and  continuing  until  some  of  these  island 
tracts  were  of  considerable  size.  The  unconformity  be- 
tween the  Silurian  and  Cambrian  systems  is  due  to  this 
upheaval. 

In  Wales  there  seem  to  have  been  several  islands  in 
existence  during  the  interval  between  these  periods :  one 
occupied  part  of  South  Wales ;  another  included  Anglesey 
and  Carnarvon ;  the  tract  now  known  as  the  Longmynd 
was  the  central  part  of  another  island,  while  to  the  south 
there  was  a  long  island,  of  which  the  Malvern  Hills  formed 
the  central  ridge.  Land  also  existed  over  the  east  of 
Ireland,  and  may  have  become  connected  with  the  Welsh 
lands,  so  as  to  form  a  large  land  area  over  St.  Gkorge's 
Channel  and  the  east  of  Ireland.  It  is  difficult  to  say 
whether  the  Cumberland  and  Dumfriesshire  area  was 
elevated  into  land  at  this  time,  or  whether  it  was  con- 
tinuously covered  by  a  shallow  sea;  the  occurrence  of 
Valentian  conglomerates  in  some  localities  seems  to  indi- 
cate the  presence  of  islands,  but  the  succeeding  graptohtic 
shales  demonstrate  that  they  were  quickly  submerged  by 
the  ensuing  movement  of  depression.  The  conglomerates 
are  markedly  developed  in  the  basement  beds  of  Ayrshire, 
where  they  are  interstratified  with  beds  of  the  Birkhill 
shale  type,  and  indicate  seas  of  some  depth,  but  still  in 
proximity  to  land,  together  with  strong  and  varying  cur- 
rents, such  as  would  be  developed  by  tidal  action  among 
an  archipelago  of  islands. 
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The  largest  land  area  of  this  epoch  seems  to  have  been 
on  the  north  and  north-west  of  the  British  Islands,  and  its 
southern  border  ran  in  a  south-westerly  direction  through 
the  centre  of  Scotland  and  the  north  of  Ireland,  and  thence 
sending  a  broad  promontory  southwards  over  the  east  of 
Ireland  as  above  mention^.  North  of  this  line  there 
seems  to  have  been  a  continuous  tract  of  land,  though  we 
have  no  means  of  knowing  how  far  it  extended  into  the 
northern  seas. 

There  may  also  have  been  some  considerable  tracts  of 
land  to  the  south  of  the  British  Islands  over  France  and 
Belgium.  The  Ordovidan  of  Belgium  is  succeeded  uncon- 
formably  by  the  Devonian,  except  here  and  there  where 
beds  occur  which  seem  to  be  of  Valentian  age ;  they  con- 
tain Ghrajptolites priodon,  Sphcerexochtis  mirus,  Ac.,  but  do  not 
attain  any  great  local  thickness. 

That  the  greater  land  area  lay,  however,  to  the  north-west 
of  our  islands  is  proved  by  the  lithological  variations  of 
the  Welsh  Silurians.  It  has  been  stated,  p.  118,  that  the 
Silurian  limestones  lie  almost  entirely  to  the  east  of  Wales, 
and  that  they  are  replaced  by  shales  and  sandstones  as  the 
beds  are  traced  either  to  the  south-west  or  to  the  north-west. 
The  mechanical  deposits,  and  especially  the  coarse  gritty 
sandstones,  are,  however,  thickest  to  the  north-west  in  Mont- 
gomery and  Denbighshire,  indicating  that  the  source  of 
supply  was  in  that  direction.  From  the  quantity  of  fel- 
spathic  grains  that  enter  into  the  composition  of  these 
Denbigh  grits.  Sir  A.  Bamsay  infers  ''that  part  of  the 
mountain  region  of  North  Wales,  between  Conway  and 
Cader  Idris,  then  formed  land  (very  different  from  its 
present  form)  which  in  some  degree  contributed  locally  to 
make  these  strata  by  the  waste  of  the  felspathic  lavas  and 
ashes  that  form  such  a  distinguishing  feature  of  the  Lower 
Silurian  rocks.  From  east  to  west,  and  from  north  to  south, 
the  coarser  gritty  beds  gradually  disappear  the  farther  we 
recede  from  the  larger  centres  of  these  volcanic  rocks."  * 

It  seems  probable,  in  fact,  that  these  North  Welsh  and 
Lake  District  rocks  were  formed  in  a  broad  gulf  which 
stretched  in  a  north-westerly  direction  to  the  south-west 

1  **  Geology  of  North  Wales,"  second  edition,  p.  2S5. 
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of  Scotland,  and  was  bounded  on  the  west  by  the  south- 
ward jutting  promontory  before  indicated. 

The  time  of  greatest  depression  appears  to  have  been  at 
and  between  tiie  epochs  of  the  Wenlock  and  Aymestry 
limestones;  afterwards  the  deposits  everywhere  become 
more  sandy,  indicating  that  upheaval  gradually  extended 
the  coast-lines  and  narrowed  the  areas  of  deposition.     . 


CHAPTER  V. 

Deyonian  System. 

General  Classification  and  Subdivisions. 

A  "I  rE  have  seen  in  the  last  chapter  that,  where  complete 
V  V  sections  are  found,  the  Silurian  rocks  pass  upwards 
mto  a  thick  series  of  r^d  ^ndat^nfta  (England  and  Scotland), 
or  into  an  equally  long  series  of_grey  and  purple  grits  (Ire- 
land). It  will  be  shown  in  a  future  chapter  that  the 
majrjnpjnflLij>o^^  ftlwaya.  rest  upou  a  set  of  red 

anj^ypUow  «Andftt/>T)ftH,  which  often  repose  unconformablj 
upon  some  of  the  more  ancient  Palaeozoic  strata.  The 
marine  fauna  of  :the.  SiluriaiLdies  out  at  the  base  of  the  red 
sandstones ;  and  when  we  reach  the  next  marine  fauna — 
that  of  the  Carboniferous  sjstem^^— it  is  totally  different 
from  the  preceding,  so  that  a  long  period  of  time  must 
liave  elapsed  between  the  close  of  the  Silurian  era  and  the 
commencement  of  the  Carboniferous. 

The  groups  known  as  the  Old  Bed  Sandstone  in  England 
and  Scotland,  and  the  Glengariff  grits  or  Dingle  beds  in 
Ireland,  are  clearly  some  of  the  rocks  which  were  formed  in 
this  interval ;  and  if  these  were  the  only  records  of  this 
portion  of  geological  time,  we  might  find  it  convenient  to 
r^ard  the  whole  of  the  beds  which  succeed  the  Silurian 
series  in  conformable  sequence  as  belonging  to  the  Silurian 
system.  This  is  practically  what  Professor  Hull  does  in 
proposing  to  create  a  Pevpnp-Silurisfen  system,  for  though 
be  easily  succeeds  in  showing  that  these  beds  are  indigh 
solubly  linked  to  the  Silurian  series,  yet  this  fact  is  no 
proof  that  they  do  not  reafly  belong  to  a  separate  system. 

Moreover,  these  are  not  the  only  strata  which  are  inter- 
posed between  the  Silurian  and  Carboniferous  systems.  In 
feiQOshirej  and  iu  iGanyi  localities  in  Europe,  there  is  a 
thick  series  of  rocks,  containing  a  marine  J^auna,  which  is 
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evidently  of  an  intermediate  age,  and  in  Germany  the 
stratigraphical  proof  of  their  interposition  between  Silurian 
and  Uarbonif eroiis  rocks  is  complete.  In  accordance  with 
the  palseontological  principle  of  classification  laid  down  in 
Part  IV.,  Chapter  IV.,  it  is  this  marine  seriep  which  must 
be  taken  as  the  normal  tjpe  of  the  intermediate  system ; 
and  any  freshwater  deposits  which  can  be  shown  to  be  of 
the  same  age  must  be  treated  as  local  contemporaneous, 
or  homotaxial  strata.  In  America  both  types  of  the 
Devonian  system  are  also  present. 

I  hold,  therefore,  that  the  Devonian  system  was  esta- 
blished by  Sedgwick  and  Murchison  in  1839  on  perfectly 
scientific  grounds,  namely,  because  Mr.  Lonsdale's  study 
of  the  Devonshire  fossils  led  him  to  the  conclusion  that 
they  formed  an  important  fauna  of  a  chaxactet  inler- 
mediate  between  those  of  the  SiluriAn_and  Cambrian 
rocks.  The  system  w^s  divided  into  Lower,  Middle,  and 
Upper  divisions,  each  with  a  special  group  of  fossils ;  and, 
if  this  succession  is  correct,  there  can  be  no  doubt  about 
the  existence  and  integrity  of  the  Devonian  system. 

The  succession  has,  however,  been  doubted  by  Mr.  Jukes, 
partly  on  stratigraphical  and  partly  on  palseontological 
grounds.  His  main  argument  was  that  the  whole  of  the 
Upper  Devonian  could  be  correlated  with  the  Lower  Car- 
boiulerouflLrat^s  o£  Ireland,  and  he  endeavoured  to  show 
that  the  Lower  andjliddle  Devoaianfiwere_onlyj:g^titi<?S8 
of  the  Tipper jierigi^  brought  in  again  by  aJluge  faiUt  along 
the  strike,  and  he  thought  that  the  fossils  were  not 
opposed  to  this  view. 

Jukes'  opinion  naturally  commanded  attention,  but  the 
most  skilled  investigators  are  sometimes  led  astray,  and 
although  there  probably  is  a  fault  along  the  line  he  indi- 
cated, yet  it  is  very  doubtful  whether  it  has  the  effect  which 
he  supposed;  the  palseontologio^^  evidptirp  is  pprtAinly 
against  this  hypothesis,  and  in  favour  of  the  view  that  the 
apparent  succession  is  practically  a  continuous  one. 

The  question,  therefore,  resolves  itself  into  a  difference 
of  opinion  as  to  whether  certain  beds  should  be  attached 
to  the  De^nian  or  Carboniferous  systems — where,  in  fact, 
the  line  of  separation^hpuld  be  drawn.  Jukes  thought 
the  whole  of  the  Upper  Devonian  might  be  c<^elated  with 
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Upper. 


Middle. 


Lower. 


Carboniferous  beds,  but  according  to  Mr.  Hull  it  is  pos- 
sibTeTo  draw  a  line  which  will  cut  off  the  beds  in  Devon 
that  are  really  comparable  to  the  Irish  rocks,  and  yet  leave 
certain  sandstones  to  the  Upper  Devonian.  I  adopt  this 
arrangement  as  the  best  in  the  present  state  of  our  know- 
ledge; and  the  following  is  the  apparent  succession  in 
Devonshire  with  the  probable  equivalents  in  Belgium  : — 

N.  Devon.  Belgium. 

{XJpcot  flagstones        I  Fsammites  de  Condros 
Pickwell  sandstones  j      and  Famennian. 
( Mortehoe  slates  Frasnian. 

<  Dfracombe  beds^.s^)  >^.     ..  ,  ^^.^  ,. 

\  Hangman  grits  }  ^'"^"^  *^^  ^'*«^'*- 

(  Lynton  shales  Coblenzian. 

\  Foreland  grits  Gedinnien. 

The  Old  Bedf  S»n<l«trniP,  which  elsewhere  occupies  the 
position  of  the  Devonian  system,  is  believed  to  be  of  lacus- 
trine or  estuamie  onmn.    It  has  been  divided  into  a  lower 
and  upper  series.;  but  there  is  in^ptland_ajaarked_jmk 
wnformity_bfits:efinJbhfini,  and  it  is  doubtful  whether  the 
apper  series  is  really  of  Devonian  age.    It  is  probable  that 
the  TiO^<>y  Old  JIpA  Sandstone  may  be  correkited  with  the  '* 
Igwer  Devoman.  that  the  Middle  Devonian  was  formed'*' 
[uring  the  time  represented  by  the  imconf ormity  in  Scot-^ 
land  and  Ireland,  and  that  only  a  part  pf  the  Upper- Old 
I^  Sandstone  is  really  of  D^v<>uia^Tl  ftg^i.  for  deep  down  in 
thisjoppfirjred  series  of  Scotland  there  is  a  tWn  limestone 
wntaining  tj^(»l  Carboniferous  foaajjls. 

The  student  will  understand  that  this  part  of  the  system 
requires  further  investigation,  and  that  our  nomenclature 
stands  in  need  of  alteration ;  the  cumbrous  designation  of 
Old  Bed  Sandstone  should  be  relinquished,  and  a  new 
name  should  be  found  for  the  estuarine  Devonians,  while 
it  must  be  ascertained  how  much  of  the  Upper  Old  Eed 
Sandstone  can  be  correlated  with  the  Upper  Devonian  of 
Devon. 

Surface  and  Subterranean  Extension, 

In  Britain  the  only  surface  exposures  of  marine  Devo- 
nian  rocks  occur  in  Devon.  Somerset,  and  Cornwall ;  they 
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occupy  the  northern  parts  of  Devon  and  Somerset  between 
Morte  Bay  and  the  ralley  of  the  Tove,  as  well  as  the  out- 
lying tract  of  the  Quantock  Hills,  east  of  that  valley. 
Dipping  southward  beneath  the  central  Carboniferous  area, 
they  reappear  in  South  Devon  and  North  Cornwall. 

The  strike  of  these  rocka  is  nearly  due  east  and  weat. 
and  this  appears  to  be  maintainedT  in  their  subterranean 
extension  through  the  south  of  England,  for  rocks  with  the 
same  Devonian  fossils  have  been  met  with  in  borincfs  be- 
neath the  Cretaceous  bedswhich  underlie  London,  .and 
Esaex.  They  are  known  to  occur  in  the  same  position  in 
Belgium,  and  they  emerge  again  to  the  surface  iiLJJie 
Ardennes,  so  there  is  every  probability  of  their  being  con- 
tinous  across  the  intermetUate  areas. 

In  crossing  the  Bristol  Channel  from  North  Devon  to 
South  Wales  we  reach  an  entirely  different  lithological 
type,  for  in  Wale3_the  beds  between  the_SilurLan_and  C&t- 
boniferoua  are  all  of  the  Old  Eei  Sandsttme  f^igs.  These 
rocks  occupy  a  large  area  between  the  Silurian  tract  and 
the  valley  of  the  Severn,  and  in  the  south  of  Bre^^knock 
they  form  a  range  of  lofty  hill"  overlooking  the  great  co^- 
field  of  South  Wales  ;  they  surround  the  Silurian  inliers  of 
Uak  and  Woolhojje,  and  extend  northwards  to  the  neigh- 
Sourhood  of  Wenlock  in  Shropshire. 

No  more  is  seen  of  this  Old  Ked  Sandstone  till  we  reach 
Scotland,  where  it  appears  to  occupy  several  distinct  basins 
of  deposit :  (1)  The  great  central  valley,  underlying  the 
Carboniferous  rocks,  and  coming  to  the  surface  in  Ayr, 
Lanark,  and  the  Pentland  Hills  on  the  southern  side,  and 
in  Dumbarton,  Stirling,  Perth,  and  Forfar  on  the  northern 
£lde ;  (2)  a  smaller  area  in  Berwick,  which  may  or  may  not 
have  been  connected  with  the  first ;  (3)  a  small  district  in 
the  north  of  Argyleshire ;  (4)  a  large  basin  in  the  north- 
east, from  Moray  Firth  to  Caithness  and  the  Orkneys. 

Li  Ireland  the  lower  part  of  the  series  (Glengariff  beds) 
is  a^ain  somewhat  different ;  but  the  upper  part  is  of  the 
Old  Eed  Sandstone  type.  The  Glengariff  grita  occupy  a 
large  area  in  Kerry  and  West  Cork,  forming  the  greater 
part  of  the  promontories  which  separate  Dingle,  Kenmare, 
and  Bantry  Bays.  The  Fintona  beds,  supposed  to  be  of 
same  age,  form  a  tract  about  thirty-five  miles  long  by  ten 
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in  breadth,  between  Lough  Erne  and  Pomeroy  in  Tyrone. 
These  groups  are  supposed  to  represent  the  Lower  Old  Red^ 
but  the  rocks  usually  called  Old  Red  Sandstone  in  Ireland 
form  an  upper  series,  and  attain  their  maximum  develop- 
ment in  Ki&enny,  Waterford,  and  Tipperary. 

Belaiion  to  Underlying  Rocks, — Wherever  Silurian  rocks 
have  been  found  beneath  those  of  Devonian  age,  there 
is  a  complete  passage  from  one  system  to  the  other. 
In  North  Devon  the  base  of  the  Devonian  is  not  seen^  and 
in  Cornwall  the  junction  of  the  twoseries  has  not  yet  been 
fixed  wrtE"~c«rtainty ;  but  in  Wales  the  Silurians  pass  up 
into  Old  Red  ^indstone,  and  the  same  is  the  case  in^ot- 
land,  though  the^gher_bed8_extei^^ 
In  Ireland  there  is  such  complete  conformity  and  litho- 
iogical  similarity  between  the  Silurian  and  Glengariff  beds 
that  in  the  absence  of  fossils  it  is  impossible  to  fix  the 
boundary  between  them. 

Life  of  the  Period. 

As  already  mentioned,  the  Devonian  faima  holds  an 
intermediate  place  between  those  of  the  Silurian  and  Car- 
boniferous. Most  of  the  specially  Silurian  genera  become 
extinct  in  the  Lower  and  Middle  Devonian,  while  in  the 
latter  and  the  Upper  Devonian  many  genera  commence 
which  are  prominent  members  of  the  Carboniferous  fauna. 
This  is  especially  the  case  with  the  Brachiopods,  for  all  the 
Lower  Devonian  genera  are  Silurian,  while  all  those  in  the 
Upper  Devonian  range  into  the  Carboniferous. 

The  Old  Red  Sandstone  is  characterized  by  the  first 
appearance  of  plants  in  Britain,  and  by  the  abundance  of 
Fish  and  Eurypterid  Crustacea. 

The  following  are  the  generic  characteristics  of  the 
period: — 

Plants. — Psilophyton,  Caulopterus,  Palaeopteris,  Sigilla- 
ria,  Calamites,  and  Lepidodendron  appear. 

Spongida. — ^Abundance  of  Stromatopora. 

Actinozoa.  —  Acervularia,  Alveolites,  Cyathophyllum, 
Cystiphyllum,  Heliolites,  and  Favosites  continue  from  Silu- 
rian ;  Rhizophyllum  (Caloeola)  and  Fleurodictyum  are 
peculiar ;  2iaphrentoid  corals  appear  for  the  first  time. 
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EchinodemuUa. — Gyathocrinus  and  Taxocrinua  continue; 
CupreBBocrinua,  Heiacrinus,  and  Melocrmus  are  peculiar  to 
Devonian;  Platycrinua  appears  and  survives. 

Oruriaeea. — Trilobites  are  on  the  decline ;  only  sii  genera 
found  in  Britain^Bronteus,  Cheirurus,  -Harpes,  Homalo- 
Dotus,  Phacope,  and  Phillipsia;  the  first  four  die  out. 
Eurypterus.  Pterj-gotus,  and  Stylonurus  occur. 


Fig.  20.     Middle  DevouiaD  Fosuls. 

a.  Megnlodon  cooolUlos.  d.  Heriiullk  p1eb«i». 

b.  Bronteai  flabellifer.  t.  Feutamenu  brevirostrii. 

c.  Stringoceph&iiu  Burtini.  f.  Fleurotomuia  aspen. 

g.  Cklceola  sandalina. 

Brachiopoda. — Many  nevf  and  peculiar  forms — Cyrtina, 
Camaroplioria,  Davidaonia,  Benseleria,  Stringocephalus, 
Uncites.     Productua  and  Terebratula  commence. 

Lamellibranchs. — M^alodon,  Fleurorhyucus.  Corbula, 
and  Gleidophorue  are  nev,  the  last  two  surviving.  Oucullna, 
Ctenodonta  and  Curtonotus  are  abundant. 

Garieropoda,  &c. — Loxonema,  Macrocheilus,  Euompha- 
lus,  Plenrotomaria,  Murohisonia.  Bellerophoa,  Porcellia. 
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Cephalopoda. — Orthoceras,     Cyrtoceras,    Phragmoceras 
continue ;  Cljmenia,  Gk)niatite8,  Poterioceras,  Trochoceras,  ^ 
and  Bactrites  appear,  and  Cljmenia  does  not  surviye. 

Fish. — Cephalaspis,  Pteraspis,  Phjllolepis,  Diplacanthus, 
Acanthodes,  Osteolepis,  Dipterus,  Coccosteus,  Pterichthys, 
Glyptopomus,  Holoptychius,  and  Phaneropleuron,  are  some 
among  many. 


Fig.  21.    Devonian  and  Silurian  Orthooerata. 

1.  Orthoceras  striatum  (Der.). 

3.  Orthoceras,  vertical  section,  showing  siphon  and  chambers. 

5.  Ortiioceras  gregarium  (Sil.)- 

The  following  are  some  of  the  species  characteristic  of 
each  series : — 


Fossils  of  the  Lower  Devonian. 

Adinozoa. — Plenrodictyum  problematicum,  Cyathophyl- 
hm  helianthoides. 

Echinoderms. — Cyathocrinus  megastylus,  C.  pinnatus. 

Cruftacea, — Phacops  laciniatus,  Homalonotus  elongatus. 

Brachiopoda. — Atrypa  reticularis,  Orthis  arcuata,  Spiri- 
^  Isvioosta,  Sp.  canalifera. 

LameUibranchs. — Ctenodonta  Kratchse. 
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Fossils  of  the  Middle  Devonian. 

Spongida. — Stromatopora  concentrica,  St  placenta. 

Actinotoa. — Acervularia  pentagona,  FaroBitea  poljmor- 
pha(cervicomiB),Cyathopliylluincaespito8um,CyBtiphyllum 
TeaiculoBum,  Calceola  sandalina,  Heliolit«s  porosa. 

EehinocUme. — Cjathoplijlluiii  geometricuB. 

Crtutacea. — Bronteua  flabellifer,  Harpes  macrocephalas. 

Braekiopoda. — Atrypa  dcBquamata,  Striugocepbalus  Bur- 
tini,  PentameruB  brevirostris,  MenBtolla  plebeia,  Undtes 
gryphua. 

Lamell^anehs. — Megalodon  cticullatus. 


Fig.  22.    Devoaiaa  FouUs. 

1,3,  ClTmenia  Sedgwickii.  3.  Sflction  of  OTmenitL  ttriiU. 

4.  Hurchitonift  ui^IbU  (Middle  Der.,  from  ttte  Bifel). 

Qagteropoda,  &c. — Macrocheilua  brevis,  Murchisonia 
bilineata,  Pleurotomaria  aspera,  Eiiomphalus  serpeiiB,  E. 
anniilatus,  Porcellia  Woodwardii. 

Cephalopoda. — CyrtoceraB  omatum,  C.  nodoBum. 


Fossils  of  the  Upper  Devonian  (Petherwin). 

Crustacea. ^Fhacops  gTannlatus,  Ph.  latlfronB  (alao  in 
Mid.  Der.),  Cypria  (Entomis)  Beirato-striata. 

Braekiopoda.. — Spirifera  Vemeuillii,  Orthia  intca-lineata, 
Strophalosia  producttndee. 
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Lamellibranchs. — Aviculopecten  transyersus,  Cardiola 
retrostriata  (Cardium  palmatTim). 

Cephalopoda. — Oljmeiiia  laevigata,  C.  striata,  G-oniatites 
linearis,  G.  subsulcatus,  Orthooeras  striatulum. 


Fossils  of  the  Lower  Old  Red  Sandstone.     • 

Plants, — Psilophyton  robustum,  Lepidodendron  nothum. 
Crustacea. — Pterygotus  Anglicus,   Stylonurus  Symond- 
8ii,  Estheria  membranacea. 


Fig.  23.    Devonian  Fish. 
a.  Pterichthjs  oornutus.  b,  Cephalaspis  LyelliL 

Pish, — Cephalaspis  LjelHi,  Ptentspis  Uojdii,  Osteo- 
lepis  macrolepidotus,  Diplacanthiis  gracilis,  Acanthodes 
Peachii. 

II.  L 
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Fossils  of  the  Upper  Old  Red  Sandstone. 

PkwUe. — ^Palseopteris  Hibemica,  Knorria  Bailyana, 
Cyclostigma  Kiltorkense. 

MoUueca. — ^Anodon  Jukesii. 

Fieh. — Coccosteus  decipiens,  Holoptycliius  nobilissimuB, 
^terichthys  major. 

8trAtigraphy. 

A.    Devonian  Type. 

1.  North  Devon  and  Somerset. 

Fig.  24  is  a  diagrammatic  section  across  North  Devon, 
showing  the  apparent  relation  of  the  beds  and  the  position 
of  the  fault  (t )  which  was  supposed  to  exist  by  Jukes ;  the 
throw  of  this  as  drawn  is  very  small,  but  he  supposed  it  to 
repeat  the  whole  series  above. 

Lov^er  Series. — The  lowest  beds  are  found  at  the 
Foreland,  near  Lynmouth,  and  are  called  the  Foreland 
sandstones.  They  consist  of  hard,  fine  grained,  red,  brovm, 
and  grey  grits  or  sandstones  of  considerable  thickness ; 
they  form  an  anticlinal  curve,  and  rolling  over  to  the  south 
are  faulted  against  the  Lynton  slates  in  the  valley  of  the 
Lynn  brook.    No  fossils  have  yet  been  found  in  them. 

The  Lynton  beds  are  grey  and  blue  slates  and  grits,  with 
thin  bands  of  impure  limestone,  in  which  many  of  the 
characteristic  fossils  occur  (see  ante),  especially  Corals  and 
Brachiopods.    Their  thickness  is  estimaiied  at  1,200  feet. 

Middle  Series. — ^The  Hangman  grits  succeed  the 
Lynton  group,  and  consist  oFred  and^^rey  grits,  with  slales 
in  the  lower  part,  coarse  white,  red,  and  speckled  grits 
above.  The  thickness  is  about  l^OQiL&et,  and  on  the  coast 
they  extend  from  Trentishoe  to  Hangman  Hill  by  Combe 
Martin  Bay,  where  they  are  succeeded  by  the  Hfracombe 
group.  These  are  silvery  slates  and  sandstones  with  len- 
ticular bands  of  limestone  in  which  fossils  are  numerous  ; 
they  extend  by  Hf  racombe  to  Lee  Bay^  and  may  be  4,000 
feei  thick  ;  but  the  whole  country  is  so  complicated  with 
faults  and  flexures  that  any  estimate  of  thickness  is  neces- 
sarily an  approximate  guess. 
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Above  the  last  group  come  the  Morte  or  Mortehoe  slates 
of  glossy  grey  and  purple  colours,  which  are  generally 
placed  in  the  Middle  Devonian,  because  they  seem  to  be  a 
natural  continuation  of  the  Ilfracombe  beds,  but  no  fossils 
have  yet  been  found  in  them,  though  their  thickness  is 
estimated  at  3,000  or  4,000  feet. 

Upper  Series. — ^llie  Pickwell  Down  beds  are  de- 
scribed by  Mr.  TJssher  as  consisting  of^purple^  slates  at  the 
base,  succeeded  by  brown  and  greenish  grits,  the  highest 
beds  being  red  and  grey  grits  overlain  by  dull  red  slates, 
all  without  fossils,  and.  J3;QQ(Lfeet  thick.  These  red  and 
g;rey  beds  in  the  coast  section  pass  up  into  the  green  slates 
of  the  Baggy  series  which  are  now  placed  in  the  Carboni- 
ferous system  ;  but  at  Upcot  there  are  yellowish  flagstones 
at  or  near  the  top  of  the  Pickwell  group,  and  these  contain 
Knorria  dichotoma  and  other  plant  remains. 


2.  8otUh  Devon  and  Cornwall, 

The  cl^rest  successiog,  in  this  southern  area  is  found 
along  the  south  coast  of  Cornwall,  the  beds  in  SouthDevop 
being  more  faulted,  con^«orted,  and  meteinorphosed.  Near 
Torquay  and  Plymouth,  however,  the  complications  have 
been  partially  unravelled  by  Dr.  Holl,  Mr.  Champemowne, 
and  others,  and  part  of  the  succession  is  shown  in  fig.  25. 

Louver  Series. — In  Cornwall  the  lowest  beds  appear 
to  be  the  red  grits  and  slates  of  Polruan,  Fowey,  and  Pol- 
perpo  on  the  south  coast ;  they  contain  scales  of  ScaphaspiSf 
Ptera^ns,  and  Phyllolepis  concentricus,  fossils  which  link 
them  to  the  Lower  Old  Red  Sandstone,  but  they  may  be 
only  the  lower  part  of  the  Middle  Devonian. 

Iq  the  South  Devon  section  (fig.  25)  the  lower  series  is 
brought  up  by  faults  about  two  miles  east  of  the  railway 
at  Warberry  Hill,  and  consists  of  tough  grits  and  sandy 
sktes  vdth  Homalonotus  and  Pleurodictyum ;  they  are  also 
foond  at  Meadfoot,  in  Torbay,  where  scales  of  Phyllolepis 
occur. 

Middle  Series. — The  strata  exposed  on  the  West  Corn- 
wall coast  from  To  wan  Head  to  Padstowjbelong  to  this 
aeries,  for  they  include  bands  of  limestone  containing  Stringo- 
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cephalus  Burtini,  PenUumema  hrevirostris,  Atrypa  desqna- 
tnata,  and  other  fossils.  From  the  coast  they  run  eastward 
by  Bodmin  and  Liskeard  to  Plymouth,  and  thence  to 
Torbay.  Near  Plymouth  they  contain  massive  limestones, 
which  are  largely  quarried  for  building  and  paving  pur- 
poses ;  similar  limestones^ i>ccur  ^near  Torquay,  some  of 
which  yield  omamental^marbles^as  at  Ipplepen,  near  the 
line  of  section,  figT^ST  These  limestones  are  nch  in  Corals 
— HeliolUes,  FavoaUes,  Acervularia,  and  Cyathophyllum. 

Upper  Series. — ^In  Cornwall  the  Tintagel  slates  are 
believed  to  belong  to  this  series — the  strike  is  here  north- 
easterly, but  they  curve  round  by  Forrabury.and  strike 
eastward  to  South  Petherwin.  Here  the  slates  contain 
hmestones  which  yield  ClymenicB  and  other  fossils  cha- 
racteristic of  the  Upper  Devonian  beds  on  the  continent. 

In  South  Devon  a  similar  series  of  blue  and  red  slates 
with  a  band  of  limestone  occupies  a  large  area  between 
Plymouth  Sound  and  Start  Bay.  Another  small  tract  of 
the  same  beds  occurs  near  Ashburton  (see  fig.  25),  and 
the  Culm  series  (Carboniferous)  is  said  to  be  unconformable 
to  them,  possibly  from  a  local  absence  of  the  Baggy  and 
Pilton  groups,  for  these  red  slates  are  probably  to  be  cor- 
related with  the  upper  part  of  the  Pickwell  Down  series  of 
North  Devon. 

B.  Old  Ekd  Sandstone  Type. 

1.  Wales  and  Hereford, 

In  Hereford  and  the  adjoining  counties  an  immense 
mass  of  red  rocks,  estimated  at  from  8,000  to  10,000  feet 
in  thickness,  intervenes  between  the  Silurian  and  the 
Carboniferous.  The  succession  is  apparently  as  con- 
tinuous as  that  of  the  marine  Devonians,  but  fossils  of 
any  kind  are  rarely  met  with.  The  following  divisions 
have  been  made : — 

Upper :  red  sandstones  and  conglomerates. 

Middle  :  brown  sandstones  and  flagstones. 

Lower :  red  sandstones  and  marls,  with  "  comstones.** 

How  much  of   the  upper  group  is  hpmotaxial   with  the 
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RckwfilLDown  sandstone,  and  how  much  with  Carbonife- 
rous basement  beds  elsewhere,  is  quite  uncertain ;  neither 
has  any  line  yet  been  fixed  between  the  lower  series  and 
the  Clunian  sandstones. 

Lrov^er  Series. — This  is  the  "Comstone  Series"  of 
some  writers,  comstone  being  the  local  name  for  the  calca- 
reous  concretions  or  nodular  limestones  of  red  and  yellow 
colours  which  are  of  frequent  occurrence.  The  lowest 
beds  are  red  marls  and  flagstones,  with  some  bands  of 
white  sandstone  (see  fig.  26)  ;  the  higher  beds  are  red  and 
green  marls,  with  comstones  and  sandstones.  Fish  and 
Crustacean  remains  are  found  in  the  quarries  near  Leo- 
minster, and  also  at  Putley  and  Perton,  near  Woolhope, 
while  near  Bedw  Llwyd,  in  Brecon,  Lingulcs  have  been 
found,  proving  that  some  of  the  beds  are  estuarine,  if  not 
marine. 

Middle  Series. — This  is  a  monotonous  series  of  brown 
and  chocolate-coloured  saiidstones,  with  some  red  shales, 
the  whole  attaining  a  great  thickness  in  Hereford  and 
also  in  Brecon,  forming  the  lower  slopes  of  the  Black 
Mountains  and  Brecon  Vans.  A  Eurypterus  and  frag- 
ments of  Cephalaspis  are  the  only  organic  remains  yet 
discovered. 

Upper  Series. — This  is  a  more  variable  group,  but 
there  are  always  beds  of^juartz  conglomerate  in  the  lowgr 
part,  with  occasionally  beds  of  red  marl,  and  sometimes 
these  are  succeeded  by  red  and  yellow  sandstones.  In 
these  sandstones  remains  of  Holoptychivs  and  Pterichthys 
have  been  found,  and  they  pass  conformably  under  the 
Carboniferous  shale. 

When  traced  northward  into  Shropshire,  the  Old  Red 
Sandstone  thins  to  about  3,700  feet  between  Ludlow  and 
the  Clee  Hills;  eastward  also  a  similar  thinning  takes 
place,  the  apparent  thickness  south  of  Llandeilo  being 
only  4,000  feet,  and  the  same  is  the  case  in  Monmouth, 
but  it  has  been  siiggested  that  the  upper  series  overlaps 
and  conceals  jmpe  of  the  lower  beds. 
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2.  Scotland. 

Professor  Geikie  considers  that  the  four  areas  of  Old 
Bed  Sandstone,  mentioned  on  p.  140,  were  jdistinct,  and 
separate  basins  of  deposit,  at  any  rate  during  the  earlier 
half  of  the  period ;  that  they  were  also  disconnected  from 
the  sea  and  formed  large  inland  lakes.  He  has,  therefore, 
proposed  separate  names  for  these  basins,  calling  the 
south-eastern  area  Lake  Cheviot,  the  central  one  Lake 
Caledonia,  the  small  western  basin  Lake  of  Lome,  and 
thenorthem  basin  Lake  Orcadie.  In  all  there  is  the  same 
general  succession,  viz.,  a  great  series  of  red  conglomerates 
and  sandstones,  which  either  passes  down  into  the  Silurian 
or  rests  unconf  ormably  on  rocks  older  than  the  Silurian. 
In  the  southern  areas  this  series  is  covered  by  another  set 
of  red  sandstones,  some  of  which  may  represent  the  tipper 
Old  Eed  group,  but  they  pass  up  into  Carboniferous  rocks, 
and  they  rest  with  a  marked  unconformity  upon  every- 
thing below,  including  the  Lower  Old  Red. 

The  following  is  a  brief  description  of  the  rocks  found 
in  each  of  the  three  principal  basins. 

1.  Lake  Cheviot. — In  Berwickshire  the  Lower  Old 
Red  forms  a  band  of  no  ^eat  width  running  from  the 
coast  at  Eyemouth  and  Coldingham,  along  the  foot  of  the 
Lamberton  EEills,  till  at  Auchencraw  it  is  abruptly  overlain 
by  the  Upper  Red  Sandstones  mentioned  below.  The  older 
series  rests  on  the  upturned  edges  of  the  Ordovician  rocks, 
and  consists  of  red  felspathic  sandstones  and  marls,  with 
beds  of  volcanic  conglomerate  and  ash.  Fragments  of 
Pterygotus  and  obscure  plants  are  the  only  fossils  yet 
obtained.  Another  tract  occurs  to  the  south-west  in  the 
Cheviot  Hills. 

It  is  doubtful  whether  any  of  the  "Upper  Red  series  is 
really  of  Devonian  age,  but  the  lowermost  red  beds  con- 
taining PalcBopterie  hlhemica  and  fish  scales  were  formerly 
classed  by  the  Geological  Survey  as  Upper  Old  Red,  but 
are  now  grouped  with  the  Carboniferous.  These  form 
a  broad  band  extending,  with  some  interruptions,  from 
Berwick,  by  Chimside  and  G-reenlaw,  to  Jedburgh  and 
Teviotdale.  They  rest  partly  on  the  Lower  Old  'Red  and 
partly  on  Ordovician ;  their  basement  beds  are  breccia  and 
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conglomerate,  and  the  higher  beds  are  red  sandstone  and 
marl ;  northward  they  stretch  to  the  Lammermuir  Hills, 
and  in  one  place  they  pass  over  into  Haddingtonshire, 
proving  that  the  two  basins  were  then  connected. 

2.  Lake  Caledonia. — In  this  basin  the  lower  series 
consists  chiefly  of  reddish-brown,  grey,  and  yellow  sand- 
stones, with  a  grey  flagstone  group  in  Forfar,  the  whole 
attaining  a  thickness  of  20,000  feet. 

On  the  south  side  of  the  basin  the  most  complete 
succession  is  found  near  Lesmahago  in  Lanark,  and  is  as 
follows : — 

4.  Purple  and  chocolate-coloured  sandstones,  with  sheets 
of  felstone. 

3.  Bed  sandstones  and  conglomerates. 
2.  Bed  shales. 

1.  Dark  shales  and  flags,  with  Pterygottis  (Silurian). 

In  the  Pentland  Hills  the  lowest  part  of  the  same  suc- 
cession is  again  found,  but  the  uppermost  beds  (4)  are  here 
unconformable  to  those  below  ;  they  were  formerly  classed 
as  Upper  Old  Bed,  but  when  the  mapping  of  Lanarkshire 
was  completed  by  the  Scotch  Geological  Survey  they  were 
found  to  be  continuous  with  the  upper  part  of  the  Lower 
Series,  the  unconformity  being  a  local  phenomenon.^  This 
upper  group  in  the  Pentland  Hills  comprises  a  great  thick- 
ness of  red,  green,  and  yeUow  rocks,  conglomerates,  grits, 
and  sandstones,  with  interbedded  sheets  of  felsite  and 
porphyrite;  the  sedimentary  beds  alone  amounting  to  some 
3,000  feet,  while  the  volcanic  rocks  are  probably  of  equal 
thickness  (see  p.  160).  The  highest  sheet  of  felsite  is  at 
liberton  covered  unconf  ormably  by  a  coarse  conglomerate, 
oonsisting  mainly  of  well-rounded  pebbles  of  felsite  em- 
bedded in  a  f  elspathic  or  occasionally  a  calcareous  paste  ; 
and  this  bed  is  now  taken  by  the  Survey  as  the  base  of 
the  Carboniferous  series.  Above  it  are  red  sandstones  and 
marls. 

In  Perth,  Fife,  and  Forfar,  along  the  northern  lip  of  the 
great  trough  or  basin,  complete  sections  of  the  Old  Bed 

^  See  Explanation  of  Sh.  24,  Scotland,  Mem.  Geo!.  Survey. 
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Sandstone  are  found,  and  exhibit  a  somewhat  different 
type,  viz. : — 

Yellow  sandstones  and  shales. 

Bed  conglomerates  and  sandstones. 
J  j  G-rej  flagstones,  with  green  and  olive  shales, 

(      containing  Pterygotus  and  fish  remains. 
Dark  shales,  with  Pterygotus  (Silurian). 

The  flagstones  are  known  as  the  Arbroath  Flags,  and  in 
the  Sidlaw  and  Ochil  Hills  they  contain  thick  interstrati- 
fied  sheets  of  felspathic  lava  and  ash. 

These  beds  are  overlain  unconformably  by  red  conglo- 
merate and  sandstone,  succeeded  by  pale  yellow  sandstones 
and  shales,  which  are  well  seen  at  Dura  Den,  near  Cupar, 
a  locality  celebrated  for  the  abundance  of  fish  remains. 

3.  Lake  Orcadie. — In  this  northern  basin  the  Old  Bed 
Sandstone  rests  upon  the  metamorphic  rocks  of  the  High- 
lands; its  border  skirts  the  hills  along  the  south  side  of 
the  Moray  Firth,  and  then  bends  northward  through  the 
east  of  Boss  and  Sutherland.  It  occupies  the  whole  of 
Caithness,  and  must  have  once  stretched  far  into  the 
North  Sea,  if  not  entirely  across  to  Scandinavia.  The 
most  complete  sections  are  found  in  Caithness,  and  show 
the  following  series  in  descending  order : — 

Feet. 

4.  Bed  sandstones  of  Dunnot  Head  2,000 
3.  Dark    grey    bituminous   flagstones    and 

shales 11,400 

2.  Deep  red  micaceous  sandstones  and  flags       2,000 
1.  Basement  conglomerates  and  sandstones, 
the  former  containing  large  blocks  of 
the  rocks  on  which  they  rest  .  800 

16,200 

No.  3  is  believed  to  be  the  equivalent  of  the  Arbroath 
Flags.  Caithness  seems  to  have  been  the  deepest  part  of 
the  basin ;  in  the  Shetland  and  Orkney  Islands  there  is 
about  6,000  feet,  but  along  the  Moray  Firth  there  is  fre- 
quently less  than  1,000  feet. 

The  so-called  Upper  Old  Bed  is  found  inihe  Orkneys,  at 
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Tarbet  Ness  and  near  Nairn,  and  consists  of  red  and  yellow 
sandstones,  which  repose  unconformably  on  the  older 
series. 

3.  North  Ireland. 

In  the  north  of  Ireland  there  are  also  two  distinct  kinds 
of  rock  which  have  been  classed  as  Old  Bed  Sandstone. 

Fintona  Beds, — The  lower  group  occupies  an  area  about 
thirty  nules  long  by  ten  wide  between  Lough  Erne  and 
Pomeroy  in  Tyrone.  "It  consists  for  the  most  part  of 
dark  red  and  purple  conglomerates,  often  coarse  and  mas- 
sire,  and  of  purple  pebbly  and  fine-grained  sandstones, 
.  .  .  with  sandy  shales.  The  pebbles  in  the  conglomerate, 
which  vary  from  the  smallest  size  up  to  blocks  over  a  foot 
in  diameter,  consist  of  purple  felstone,  grits,  schist,  and 
quartzite.  Of  all  these  the  felstone  pebbles  are  by  far  in 
greatest  proportion,'*  ^  and  have  been  derived  from  the 
breaking  up  of  contemporaneous  lava  streams,  some  sheets 
of  which  still  remain  interbedded  with  the  conglomerates. 
This  series  is  considered  to  be  homotaxial  with  the  Glen- 
garilE  grits,  and  with  the  Lower  Old  Bed  of  Scotland. 

Another  tract  of  similar  conglomerate  has  recently  been 
discovered  in  Donegal,  between  Lough  Swilly  and  Mulroy 
Bay.  The  pebbles  and  blocks  are  all  derived  from  the 
surrounding  metamorphic  rocks,  and  the  thickness  seen  is 
about  800  feet. 

Upper  Series. — This  consists  of  reddish-brown  con- 
glomerates, containing  pebbles  of  white  and  pink  quartz ; 
it  rest«  unconformably  on  the  Tyrone  beds,  and  is  over- 
lain by  purple,  brown,  and  grey  sandstones,  with  sandy 
•hales.  There  is  much  resemblance  between  these  beds 
and  the  basal  beds  of  the  Upper  Old  Bed  Sandstone  in 
Waterford,  but  it  is  more  probable  that  they  are  really 
Lower  Carboniferous  ;  for  in  Tyrone  they  are  directly  suc- 
ceeded by  the  Carboniferous  Limestone,  and  though  other 
beds  (sandstones  and  shales)  come  in  between  them  in 
Derry,  these  are  marine,  representing  apparently  the  Coom- 
hola  grits  (or  Calcif  erous  sandstone),  while  if  the  conglome- 

^  J.  Nolan  in  *'  Quart.  Joum.  Geo].  Soc.,"  vol.  xzxv.  p.  529. 
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rates  were  really  Old  Bed  Sandstone,  thej  would  pass  up 
into  beds  of  the  freshwater  Kiltorcan  type,  but  such  beds 
are  not  to  be  found. 


4.  South  Ireland. 

The  strata  to  which  the  name  Old  Bed  Sandstone  is 
usually  applied  in  Ireland  are  chiefly  developed  in  Water- 
ford  and  the  adjacent  counties,  but  these  appear  to  repre- 
sent only  the  upper  portion  of  the  Welsh  Old  Bed  Swd- 
stone,  and  they  rest  unconf ormably  on  rocks  of  Ordovician 
age.  In  the  west  (Cork  and  Kerry)  a  thick  series  of  rocks 
come  in  above  the  Silurian  which  seem  to  represent  the 
Lower  Old  Bed,  but  these  are  succeeded  unconf  ormably  by 
the  Upper  group,  and  nothing  has  yet  been  found  which 
flUs  thiis  gap  and  represents  the  Middle  series  of  Wales. 
The  relations  of  the  western  beds  are  shown  in  the  section, 
fig.  28. 

Glengariff  and  Dingle  Series. — In  the  coast  section 
of  the  Dingle  promontory,  the  beds  with  Ludlow  fossils 
are  conformably  overlain  by  grey,  brown,  and  purple  slates 
without  fossils,  followed  by  alternations  of  grey  grits  and 
slates,  the  grits  at  length  predominating  and  forming  a 
thick  series  of  hard  massive  green  and  purple  grits.  The 
whole  of  this  gritstone  series  is  perhaps  8,000  feet  thick, 
and  it  is  succeeded  by  slates  of  red  and  purple  tints,  with 
beds  of  conglomerate  at  Parkmore,  which  curiously  enough 
enclose  pebbles  containing  Silurian  fossils.  No  other 
fossils  have  yet  been  found,  and  except  for  the  occurrence 
of  these  derived  pebbles,  the  whole  of  these  slates  and 
grits  might  be  taken  for  a  continuation  of  the  Silurian 
rocks,  so  completely  similar  are  they  to  the  underlying 
fossiliferous  series.^ 

A  similar  set  of  green  grits,  surmounted  by  purple 
slates  with  bands  of  grit,  occupies  large  areas  to  the  south 
and  south-west  of  Dingle  Bay  in  the  Iveragh  and  Dun- 
kerron  promontories,  and  in  the  districts   of  Killamey, 

^  See  Professor  Hull's  paper,  "  Quart.  Joum.  G^l.  Soc.,"  vol.  xxxiv. 
p.  703. 
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Kemnare,  and  G-lengariff.    No  fossils  have  been  found  in 
these  rocks  except  a  few  plant  remains. 

Upper  Old  Red  Sandstone. — ^In  the  IKngle  district 
the  slates  above  mentioned  are  abruptly  cut  off  and 
covered  by  coarse  red  conglomerates,  which  are  estimated 
to  have  a  thickness  of  4,000  feet ;  they  overstep  the  whole 
Glengariff  and  Silurian  series,  and  are  found  again  on 
the  northern  side  of  the  promontory,  resting  against  the 
truncated  edges  of  the  Wenlock  beds  (see  fig.  28).  There 
is  here,  therefore,  a  great  gap  and  unconformity. 

About  Tralee  and  Killamey,  however,  no  such  con- 
glomerates are  found,  but  beds  of  brown  and  yellow  sand- 
stone, with  red  and  olive-green  shales,  are  found  between 
the  Grlengariff  slates  and  the  Carboniferous  shale.  Near 
Tralee  these  are  600  feet  thick,  but  near  Killamey  they 
are  only  150  feet,  and  when  the  Carboniferous  beds  are 
brought  in  again  along  the  Sneem  and  Kenmare  trough, 
neither  the  conglomerate  nor  the  yellow  sandstone  group 
is  to  be  found.  At  these  places  the  Carboniferous  shale 
or  slate  is  in  contact  with  the  G-lengariff  grits,  and  though 
there  is  no  clear  proof  of  any  unconformity,  yet  the  beds 
are  thrown  into  such  sharp  folds,  that  it  would  be  difficult 
to  detect  any  slight  discordance,  and  *in  view  of  the  clear 
relations  of  the  two  series  in  the  Dingle  section,  Professor 
Hull's  explanation  appears  a  probable  solution  of  the 
difficulty.  He  supposes  that  the  Carboniferous  beds 
gradually  overlap  the  Upper  Old  Red  along  a  shelving 
bottom,  so  that  they  eventually  come  to  rest  on  the  Glen- 
gariff  series  without  the  intervention  of  any  red  conglome- 
rates or  sandstones.  Further  south,  at  Glengariff,  the 
yellow  sandstones  are  again  found,  ajid  Palopopteris  hibemica, 
Sageneria,  and  Anodon  Jukesii  have  been  found  in  them 
near  Toe  Head.  It  appears,  therefore,  that  a  promontory 
jutted  out  into  the  western  end  of  the  lake  in  which  the 
yellow  sandstones  were  deposited,  and  that  the  whole  area 
was  subsequently  and  gradually  submerged  beneath  the 
waters  of  the  Carboniferous  sea. 

This  lake  appears  to  have  had  a  wider  and  deeper  exten- 
sion to  the  eastward,  for  the  yellow  sandstones  may  be 
traced  through  Kilkenny  and  Waterford,  lower  and  lower 
beds  coming  in  till  the  formation  attains  the  thickness  of 
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3,200  feet.  Where  thus  developed,  the  t)a8ement  beds  are 
always  conglomerates  resting  unconformably  on  older 
rocks,  and  consisting  of  quartz,  quartzite,  jasper,  and 
other  pebbles.  Near  Waterford,  for  instance,  they  are 
conspicuous  in  the  cliffs  above  the  railway  station,  and  lie 
nearly  horizontally  on  vertical  Ordovician  slates.  Above 
these  conglomerates  are  dark  red  brown  sandstones,  suc- 
ceeded by  grey  and  purple  sandstones  with  red  shales,  and 
finally  yellow  and  greenish  sandstones  with  olive-green 
shales.  These  last  are  known  as  the  Kiltorcan  beds,  and 
contain  a  remarkable  assemblage  of  fossils,  including 
Anodon  Jukesiiy  Palceopteris  hibemica,  and  other  plants, 
scales  of  Coccoeteus  and  Olyptolepis,  and  fragments  of 
Eurypterus,  Pterygotus,  and  Proricaris.  Eastward  the 
sandstones  thin  out  again  beneath  the  Carboniferous 
Limestone,  which  finally  overlaps  them  against  the  granite 
of  Carlow. 

Volcanic  Rocks. 

Devon  and  Cornv^all. — No  contemporaneous  lavas 
are  found  in  North  Devon,  but  South  Devon  was  the  site 
of  volcanic  eioiptions,  and  many  sheets  of  felsite  are  inter- 
stratified  with  the  Middle  Devonians  in  some  places.^ 
Basic  lavas  and  beds  of  greenstone  tuff  also  occur  near 
Saltash,  and  extend  eastward  into  Cornwall. 

In  Cornwall,  Mr.  J.  A.  Phillips  *  has  described  several 
tracts  of  volcanic  rocks,  those  between  Camelford  and 
Trevose  Head  being  clearly  contemporaneous,  and  consist- 
ing of  sheets  of  compact  dolerites,  vesicular  lavas,  and  beds 
of  ash,  but  in  many  of  the  dolerites  the  augite  has  been 
partially  or  wholly  converted  into  hornblende!  There  are 
also  intrusive  dolerites  which  are  probably  of  Devonian 
age,  because  they  are  displaced  by  the  post-Carboniferous 
granite  bosses. 

The  Cheviots. — In  this  district  thick  sheets  of  ande- 
sitic  lava  and  tuff  are  interstratified  with  the  Lower  Old 
Bed  Sandstone.     Mr.  Teall  states^  that  these  andesites 

*  See  Dr.  Holl,  "  Quart.  Joorn.  (Jeol.  Soc.,**  vol.  xxiv.  p.  400. 

*  "Quart,  Joum.  Geol.  Soc.,**  vol,  xxxit.  p.  471. 
»  "  Geol.  Mag.,"  Dec.  3,  yoI.  ii.  p.  116. 
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faU  into  three  groups,  characterized  respectively  by  the 
minerals  hypersthene,  augite,  and  mica.  "The  presence 
of  tuffs,  vesicular  lavas,  and  amygdaloidal  varieties  of  lava 
and  actual  evidences  of  flow,  proves  that  the  conditions  of 
eruption  were  substantially  identical  with  those  of  modem 
times."  He  also  describes  some  bosses  of  augite-granite 
which  may  possibly  be  the  cores  of  the  volcanoes  whence 
the  andesitic  lavas  were  ejected.  These  eruptions  were 
followed  at  a  later  period  by  the  intrusion  of  quartz-felsite 
dykes,  and  Mr.  Teall  makes  some  suggestive  remarks  as 
to  the  reason  of  this  sequence  in  the  volcanic  rocks.  Similar 
rocks  are  found  in  the  Lower  Old  Eed  Sandstone  of  Eox- 
burgh  and  Berwick.  Near  Eyemouth,  on  the  coast,  there 
is  a  mass  of  very  coarse  agglomerate,  which  suggests  the 
immediate  neighbourhood  of  a  volcanic  orifice,  while 
northwards  and  south-westward  the  stratified  ash-beds 
become  finer  in  texture,  and  finally,  near  Auchencraw, 
pass  into  felspathic  sandstones ;  the  interbedded  f elstones 
likewise  thin  out  in  the  same  direction,  so  it  becomes 
clear  that  one  volcanic  vent  was  situate  near  Eyemouth. 

The  Pentlands. — Here  again  volcanic  rocks  occur  in 
the  upper  part  of  the  Lower  Old  Red  series,  each  ridge  of 
the  chain  being  formed  by  massive  sheets  of  felspathic 
lava,  which  are  interbedded  with  thin  layers  of  ash  and 
conglomerate  (see  fig.  27,  p.  151).  The  lowest  felstone  is  a 
compact  blue  rock,  becoming  porphyritic  and  amygdaloidal 
above ;  the  next  sheet  is  of  a  pale  flesh  tint ;  the  higher 
sheets  are  mostly  of  pale  pink  or  greyish  white  colours. 
They  all  dip  to  the  south-east,  at  angles  of  25°  to  30°. 

Sidlavsr  and  Ochil  Hills. — These  hills  form  a  chain 
between  sixty  and  seventy  miles  in  length,  and  their 
features  are  wholly  due  to  the  immense  masses  of  volcanic 
rock  which  occur  in  the  Lower  Old  Red  series.  Sheets 
of  felsite  and  porphyrite  alternate  with  beds  of  tuff  and 
conglomerate,  and  attain  an  aggregate  thickness  of  about 
6,000  feet.  According  to  Dr.  A.  Geikie  their  disposition 
shows  that  the  volcanic  vents  were  arranged  in  a  line 
parallel  with  the  general  strike  of  the  beds,  and  with  the 
trend  of  the  ancient  shore-line. 

The  Shetlands. — There  seem  to  have  been  but  few 
contemporaneous  volcanoes  within  the  area  of  Lake  Orcadie 

II.  M 
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except  in  the  Shetlands.  Here,  as  in  the  Cheviots,  the 
earliest  ejections  appear  to  have  been  basic  lavas  and  tuffs, 
which  are  interstratified  with  flagstones  and  ashy  sand- 
stones; while,  at  a  later  period,  great  masses  of  felsitic 
lava  were  intruded  into  the  older  series,  baking  and  harden- 
ing them,  and  injecting  them  with  numerous  veins  of 
granite,  felsite,  and  rhyolite.^ 

Continental  Equivalents. 


In  certain  parts  of  Europe,  notably  in  the  Eifel  district 
and  that  of  the  Belgian  Ardennes,  the  Devonian  system  is 
very  fully  developed,  and  is  less  broken  and  contorted  than 
it  is  in  England,  while  at  the  same  time  the  rocks  are  far 
more  fossiliferous,  so  that  a  clearer  conception  of  the  whole 
succession  can  be  obtained.  The  following  is  a  tabular 
view  of  the  succession  in  these  two  regions  as  correlated  by 
Professor  Gosselet : — 


ii 


4) 


The  Eifel. 

r  Sandstones  and  shales  with  OfvrU 
serrato-striata  and  other  fossus. 


Shales  with  Oardium  palmatum. 
Marls  and  limestones  with  Hhynch. 
cuboides  and  Reeeptaculites. 

'Stringooephalns  limestone. 
Crinoid  and  Calceola  limestones. 


/Oreywacke  with  Spirifers. 
Sandstones  and  scnists. 
White  sandstone. 

Arenaceous  shales. 
Arkose  resting  on  Silurian. 


Belgium. 

Limestone  with  Sptrifer  distans. 
Shales  with  Rhyncfi.  letiensis. 
Shales  with  Rhynch.  Dumonti. 
Shales  with  Rhynch.  Omaliun. 
Shales  with  ^trdium  palmatum.    )  x 
Shales  and  limestone  with  Rhynch.  >  £ 
cuboides  and  Sptrifer  dis^ncta.  )  k 

Limestone  with  Strirtg.  Bur- )  Qj^gti-n 


j-Eifelien. 


tint. 
Limestone  with  Calceola  tan- 
dalina. 

Orejwacke,  sandstones  and  shales  ^ 
in  five  stages  {Sptrifer  cultrifu- 
gatus,  Chonetes  ptebeia),  with 
white  sandstones  at  the  base. 

Shales  in  three  stages.  j  Q^dinnien. 

Arkose  and  conglomerate.    )  *''»^**""w"« 


e    • 
«  s 

c  « 


Physical  Geography. 

During  this  period  great  geographical  changes  took 
place ;  the  greater  part  of  Britain  was  elevated  into  dry 

^  Peach  and  Home,  **  Trans.  Roy.  Soc.  Edin.,"  toI.  xxxil  p.  359. 

^  Professor  Grosselet  believes  that  the  Psammite  du  Condros,  which 
occupies  a  large  area  and  is  1,800  feet  thick,  is  the  arenaceous  repre- 
sentatire  of  the  Famennian,  just  as  the  Pickwell  sandstones  may  repre- 
sent the  Petherwin  beds  in  Britain. 
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land,  and  formed  part  of  a  continent,  which  must  have  had 
a  considerable  extention  to  the  north  and  west  of  our 
islands.  The  sea  which  covered  so  large  a  part  of  the 
British  area  in  Silurian  times  was  now  contracted  into  a 
much  smaller  space,  and  only  laj  over  the  southern  part  of 
England,  whence  it  stretched  eastward  through  the  north  of 
France  and  Belgium.  Westward  it  seems  to  have  extended 
into  Ireland  (if  the  Glengariff  grits  are  marine  beds),  but 
can  only  have  covered  a  comparatively  small  area  in  the 
extreme  south-western  part  of  the  country. 

All  the  rest  of  Ireland  appears  to  have  been  land,  and 
was  doubtless  united  to  England  and  Scotland  across  the 
Irish  Sea.  The  border  of  this  land  ran  through  the  west 
and  north  of  Wales,  and  thence  probably  to  the  north-east 
through  Derbyshire,  all  the  north  of  England  and  south  of 
Scotland  being  continuous  land.  It  is  probable,  also,  that 
a  tract  of  land  lay  over  the  east  of  England,  and  of  this 
the  Chamwood  Forest  area  may  be  a  remnant ;  but  be- 
tween these  eastern  and  western  shores  lay  a  long  and 
gradually  narrowing  bay  or  inlet,  in  which  the  red  sand- 
stones of  Monmouth,  Hereford,  and  Shropshire  were  laid 
down.  This  inlet  probably  passed  north-eastward  into  a 
narrow  estuary,  and  may  have  received  a  river,  draining 
the  land  which  lay  to  the  north ;  southward  it  opened  into 
the  sea  where  the  marine  Devonians  were  being  deposited. 

Scotland  was  for  the  most  part  lofty  land,  consisting  of 
several  mountain  ranges,  having  a  general  north-east  and 
south-west  direction.  Between  these  were  low-lying  tracts, 
which  were  at  first  inlets  of  the  sea,  but  subsequently  be- 
came large  inland  lakes.  The  sites  of  these  lakes  have 
already  been  indicated  (p.  152),  and  similar  lakes  existed  in 
the  north  of  Ireland ;  that  of  Tyrone  may  possibly  have 
been  a  continuation  of  Lake  Caledonia,  but  the  small  tract 
of  Lower  Old  Red  recently  discovered  in  Donegal  was  pro- 
bably formed  in  a  separate  basin,  which  has  been  named 
Lake  Fanad  by  Professor  Hull.  It  is  quite  possible  that 
there  were  lakes  in  the  centre  and  south  of  Ireland  during 
the  earlier  part  of  the  period,  but  if  so  their  sites  are 
entirely  concealed,  the  only  lacustrine  beds  known  to  us  in 
these  areas  being  those  of  the  Upper  Old  Bed. 

In  the  tracts  which  were  covered  by  the  sea  there  was 
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continuous  deposition  throughout  the  period,  but  in  the 
lacustrine  areas  it  appears  to  have  ceased  altogether  for  a 
time ;  there  is  a  great  gap  between  the  Lower  and  Upper 
Old  Eed  Sandstone,  and  we  have  no  records  of  the  inter- 
vening time.  But  this  very  absence  of  deposits  is  in  itself 
evidence  of  the  conditions  which  prevailed — the  lakes  must 
have  been  dried  up  and  convert^  into  land  surfaces,  pro- 
bably in  consequence  of  the  continued  elevation  of  the 
country,  and  the  deepening  of  the  river  channels  which 
would  result  from  this  elevation. 

We  may,  therefore,  conclude  that  the  general  succession 
of  events  in  Scotland  was  as  follows :  at  the  beginning 
of  the  period  the  upheaval  of  the  ridges  which  subse- 
quently became  mountain  ranges  contracted  the  sea-space 
into  gulfs,  which  were  gradually  shallowed  by  the  material 
poured  into  them  from  the  land  on  either  side,  and  by  the 
continued  upheaval  of  the  country,  till  they  were  entirely 
isolated  from  the  sea,  and  were  converted  into  large  fresh- 
water lakes,  comparable  to  those  of  modem  North  America, 
and  tenanted  by  a  great  variety  of  curious  fish.  Lake 
Caledonia  must,  indeed,  have  greatly  resembled  Lake 
Michigan,  which  ha3  a  length  of  345  miles,  and  an  extreme 
width  of  only  84  miles.  Now  the  Scottish  portion  of 
Lake  Caledonia  has  a  length  of  160  miles ;  and  if,  as  Pro- 
fessor Hull  supposes,  it  stretched  continuously  into  North 
Ireland,  we  must  add  another  80  miles  to  its  western 
extension,  giving  a  total  of  240  miles,  while  how  far  it  ex- 
tended to  the  east  of  Scotland  we  have  no  means  of  know- 
ing, but  it  may  well  have  been  300  miles  in  length,  and 
its  extreme  width  was  probably  about  80  miles. 

During  the  existence  of  these  lakes  volcanic  activity  was 
rife,  and  immense  sheets  of  lava  were  poured  over  the 
country  and  interbedded  with  the  lacustrine  deposits,  and 
all  this  time  it  is  probable  that  the  lake  bottoms  were  not 
more  than  three  or  four  hundred  feet  above  the  sea. 
Further  elevation,  however,  ensued,  and  the  excurrent 
rivers  cut  their  channels  deeper  and  deeper,  till  in  course 
of  time  the  waters  of  the  lakes  were  completely  drained 
off,  just  as  the  great  Tertiary  lakes  of  North  America  were 
drained  by  the  excavation  of  the  Colorado  Canon.  The 
country  would  then  present  the  aspect  of  a  high  and  dry 
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upland,  formed  of  lofty  hill  ranges  separated  by  immense 
sandy  plains,  the  sites  of  the  desiccated  lakes ;  through 
these  plains  ran  the  rivers  in  deep  and  narrow  channels, 
while  on  the  moimtain  slopes  piles  of  debris  were  prepared 
by  the  agencies  of  disintegration  and  detrition.  It  is,  in- 
deed, not  unlikely  that  much  of  the  material  forming  the 
conglomerates  of  the  Upper  Old  Eed  Sandstone  was 
originally  prepared  by  subaerial  agencies,  and  was  only 
rearranged  by  the  waters  of  the  later  epoch. 

A  reverse  movement  at  length  set  in  toward  the  end  of 
what  must  be  called  the  Devonian  period ;  portions  of  the 
old  lake-basins  were  again  filled  with  water,  the  area  of 
which  widened  and  deepened  as  the  land  sank ;  torrents 
washed  in  the  detritus  of  the  land,  and  the  material  thus 
collected  became  the  conglomerates  and  sandstones  of  the 
Upper  Old  Eed  and  Lower  Carboniferous  series. 

This  depression  led  to  the  formation  of  a  large  lacus- 
trine area  in  the  south-west  of  Ireland,  spreading  over 
the  tracts  now  known  as  the  coimties  of  Clare,  Limerick, 
Kerry,  Cork,  Waterford,  Tipperary,  and  Kilkenny.  Its 
northern  shore  appears  to  have  been  somewhere  along  the 
parallel  of  Gte.lway  Bay ;  the  Granitic  and  Ordovician  rocks 
of  Wicklow,  Carlow,  and  Wexford  formed  its  eastern  boun- 
dary, while  how  far  it  extended  to  the  south  and  west  we 
have  no  means  of  knowing,  except  that  in  the  Dingle  and 
Kenmare  districts  we  appear  to  be  approaching  its  western 
shores.  From  Dingle  to  Thomastown  in  Kilkenny  is  a 
distance  of  135  miles,  and  from  Gal  way  Bay  to  the  Old 
Head  of  Kinsale  is  108  miles ;  this  would  form  a  fine 
sheet  of  water,  but  even  if  it  stretched  another  100  miles 
to  the  southward,  it  would  only  have  been  about  half  the 
size  of  the  modern  Lake  Superior. 

In  this  lake  were  laid  down  the  strata  described  on  p. 
160,  and  at  the  epoch  of  the  Kiltorcan  beds,  it  is  evident 
that  its  shores  were  bordered  by  tracts  of  fertile  land,  on 
which  grew  the  Lepidodendra^  Cyclostigmce,  and  the  splendid 
ferns  known  as  PcUcBopteris  hihernica,  the  fronds  of  which 
were  nearly  two  feet  in  breadth.  Eventually  the  con- 
tinued depression  of  the  land  brought  the  level  of  the  lake 
waters  down  to  that  of  the  Carboniferous  sea,  which  was 
gradually  extending  itself  over  the  lower  parts  of  the  great 
Devonian  continent. 


CHAPTEE  VI. 

« 

The    Cabbonifebous    System. 
Classification  of  the  Bocks. 

THE  materials  for  a  history  of  this  period  are  more 
ample  than  those  available  for  the  preceding  periods. 
Carboniferous  rocks  occupy  a  larger  part  of  the  British 
Islands  than  the  rocks  of  any  other  system ;  they  have  also 
been  more  extensively  studied  and  explored  in  the  search 
for  coal,  so  that  it  has  become  possible  to  trace  the  lateral 
changes  which  the  component  members  of  the  system 
undergo,  and  to  correlate  the  strata  of  different  districts 
with  some  degree  of  accuracy. 

Where  normally  developed,  the  Carboniferous  system 
seems  to  be  naturally  divisible  into  four  great  groups  or 
series,  and  the  following  classification  is  one  which  will 
apply  more  or  less  fully  to  the  whole  of  England,  Scotland,, 
and  Ireland,  Devonshire  and  south-west  Ireland  only  being 
excepted  :— 

Max.  Uucknen. 
Feet. 

4    PreshwfttPr  )  ^PP*''  ^**  Measures .     .     .  2,000 

Unrer    4       *^®*^  *^'-  J  Middle  Coal  Measures      .    .  4,000 

^  ^  9    T>.,..    TLf— ;«^  4  Lower  Coal  Measures  .     .    .  2,000 

3.  Partly  Marine.  |  Millstone  Grit 6,000 

1.  Basement  Beds.    Red  Conglomerates     .    .    .    2,000 

23,000 

Some  of  the  sandstones  and  conglomerates  formerly  re- 
ferred to  the  Old  Red  Sandstone  are  here  included  under 
the  head  of  Tuedian,  because  they  occasionally  contain 
Carboniferous  fossils,  and  are  sometimes  interstratified 
with  limestones ;  such  beds  being  evidently  shore  deposits 
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of  Carboniferous  age.  The  Carboniferous  Limestone  series 
forms  a  continuous  sequence,  and  is  more  often  separable 
into  three  groups  than  into  an  upper  and  lower  group. 
The  best  marked  line  of  division  in  the  whole  system  is  at 
the  base  of  the  Millstone  grit,  as  indicated  long  ago  by 
Professor  Phillips  and  more  recently  by  Professor  Green. 
The  Millstone  Grit  and  Lower  Coal  Measures  yield  marine 
fossils,  but  both  frequently  contain  seams  of  coal. 

Li  the  southern  and  central  parts  of  England  and  Ire- 
land the  Lower  Carboniferous  rocks  are  entirely  marine, 
and  the  limestones  attain  an  enormous  thickness ;  but  as 
the  beds  are  traced  northward,  the  limestones  decrease  in 
thickness  and  admit  intercalations  of  shales  and  sand- 
stones, with  occasional  seams  of  coal,  so  that  in  Scotland 
there  are  alternations  of  marine  and  freshwater  deposits 
throughout  the  whole  series. 


Life  of  the  Pebiod. 

The  fossils  of  the  Carboniferous  rocks  furnish  us  with 
representatives  of  both  the  marine  and  terrestrial  tjrpes  of 
life  which  flourished  during  the  period,  so  that  our  acquain- 
tance with  the  fauna  and  flora  of  the  Carboniferous  Period 
is  much  more  complete  than  it  is  with  those  of  the  older 
systems.  This  being  so,  we  may  treat  separately  of  the 
marine  and  terrestrial  types. 

1.  Marine  Type. — The  most  remarkable  feature  in  the 
distribution  of  the  marine  fauna  is  the  persistence  of  the 
same  species  and  groups  of  species  throughout  such  a  great 
thickness  of  strata.  A  few  species  are  indeed  confined  to 
the  lowermost  beds,  and  a  few  to  the  highest  marine  beds — 
to  beds,  in  fact,  which  were  formed  when  the  physical  con- 
ditions were  undergoing  a  change,  and  when  the  forms 
would  necessarily  be  most  liable  to  variation ;  a  few  other 
species — those,  namely,  which  were  the  chief  contributors 
to  the  formation  of  the  limestones — are  naturally  most 
abundant  in  those  limestone  masses ;  but  by  far  the  larger 
number  of  species  have  a  very  great  vertical  range,  many 
of  them  extending  from  top  to  bottom  of  the  marine  series, 
and  even  appearing  in  the  essentially  freshwater  and  estu- 
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arine  strata  above  and  below  wherever  the  temporary  pre- 
valence of  marine  conditions  led  to  the  formation  of  lime- 
stone (see  list  on  p.  173). 

We  are  thus  presented  with  the  unique  phenomenon  of 
the  same  species  of  fossils  occurring  throughout  a  thickness 
of  from  ten  to  fourteen  thousand  feet  of  strata — a  fact  which 
testifies  to  the  great  uniformity  of  the  physical  conditions 
which  prevailed  during  the  whole  period.  When  we  compare 
this  state  of  things  with  the  distribution  of  species  in  earlier 
or  in  later  periods,  we  cannot  fail  to  be  struck  with  the 
singularity  of  the  Carboniferous  period  in  this  respect.  It 
would  appear  as  if  there  was  then  a  great  pause  in  the 
evolutional  history  of  the  world — a  time  when  the  changes 
in  the  surrounding  physical  conditions  were  so  slight  and 
gradual  that  the  causes  of  variation  and  differentiation 
were  at  a  minimum,  and  the  forms  of  life  became  as  it 
were  stereotyped  for  a  time. 

As  regards  the  birth  and  extinction  of  generic  forms 
during  this  period,  the  following  are  some  of  the  more  im- 
portant changes : — 

Actinozoa. — Amplexus,  Aulophyllwm,  LUhostrotioriy  Mi- 
chelinia,  and  numerous  other  genera  of  corals,  date  their 
existence  from  this  period,  and  did  not  survive  beyond  it. 
Many  other  PalaBozoic  forms  also  died  out,  and  became 
extinct  at  the  close  of  the  period.  Of  these  the  chief  are 
Alveolites f  ClisiophyUuvif  CyathophyllMin,  Favontes,  Helw- 
lites,  Strephodes,  Syringopora,  Zaphrentis, 

Brachiopoda. — Producta  and  Caniarophoria  are  the 
only  generic  introductions,  and  they  both  survived  into  the 
Dyas,  while  Athyris,  Chonetes,  Orthis,  Pentanierns,  and 
Betzia  all  became  extinct  in  Britain. 
*  Lamellibranchiata. — The  following  genera  are  to  be 
noted  as  occurring  for  the  first  time :  AvictUapecten,  Axinxis, 
Cardinia,  CucuUcea,  Edmo7idia,  Inoceramvs,  Monotia,  Leda, 
Lucina  (?),  MyacUes,  Myalina,  Pleurophorus,  Schizodvs. 
Aviculopecten  did  not  survive,  and  Conocardium,  Dolahra, 
and  Sanguinolites  likewise  disappear. 

Gasteropoda. — Among  new  genera  we  have  Cylhidrites, 
Dentalium,  Littorina  (?),  Natica,  Patella ,  and  Plaiychisma. 
PleurotomariUf  Euomphalua,  and  Loxon&ina  continue  to 
occur. 
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Cephalopoda. — Fresh  introductions  are  few;  Oonia- 
litet,  Poterioeerae,  and  Nautilus  dating  from  the  Devonian. 
80  &,r  ae  British  rocks  are  concerned,  all  the  Orthoceratida 
became  extinct  at  the  close  of  the  Carboniferous  period. 

Echinodermata. — Crinoide  are  abundant,  the  prin- 
cipal genera   being  Acttnocrinus,  Cuprewocrinut,  Poterio- 


Lower  Cirbomferooi  FoiuilB. 
irifera  cnipid&la.  il.  Modiola  Macadami. 

Tnchonella  pleurodon.  e.  CnciilliBa  HsTdiDgii. 

c.  AtIciiIk  DamDonisiuu.  /.  Curtoootiu  elegans. 


.  Spirifera  ( 
.  BBTnchoD 


mniM,  Cyathoerinug,  Rhodoerinug,  Taxocrinus,  and  Platy- 
erinut.  A  few  such  as  Adelocrinus  and  Woodocrinut  came 
into  existence,  but  did  not  surrive  the  period.  The  Blas- 
toidea  were  represented  bj  Pentremitee,  and  the  Echinidea 
bj  ArchiEoeidarw  and  Palachinus,  the  latter  dying  out. 

Crustacea. — In  this  period  the  Trilobitea,  represented 
only  b;  four  genera,  Brathymeiopwi,  Qriffitkides,  PhiUipna, 
and  Proetug,  finally  become  extinct. 


0 
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Fish. — The  following  genera  appear  to  be  confined  to 
the  rocks  of  this  period  :  Cheirodtie,  Cladodtis,  CochlioduSf 
Ctenodus,  Diplodus,  Gloseodes,  Holopiychius,  MegalichthySf 
Oracanthvs,  Orodtie,  Petalodus,  Pterodvs,  PleuracatUhus^ 
PcecUodus,  Psammodua,  Rhizodus,  A  few  others,  such  as 
Ccelacanthue,  Platysomns,  and  Strepsodus,  survived  its  close. 

The  following  lists  contain  the  most  characteristic  fossils 
of  the  several  stages  in  the  marine  part  of  the  system : — 


Fossils  of  the  Lowermost  Beds. 

(Garb.  Slate ;  Limestone  Shale  ;  Pilton  group.) 

Polyzoa. — Fenestella  antiqua, 

Crustacea, — Leperdita  subrecta. 

Brachiopoda. — ^Lingula  squamiformis,  Chonetes  Har- 
drensis,  Streptorhyncus  crenistria,  Athyris  ambigua,  Spiri- 
fera  cuspidata. 

Lamelltbranchs, — Avicula  Damnoniensis,  CucuUeea  Har- 
dingii,  Curtonotus  elegans,  Modiola  Macadami. 

Heteropoda, — Bellerophon  striatus. 

Li  the  marine  shales  of  the  Tuedian  and  CaJciferous 
sandstone  are  Spirorbis  carbonarius,  Discina  nitida,  Lin- 
gula  squamiformisy  Bellerophon  decussatus,  and  Ortho- 
ceras  cylindraceum. . 

• 

Fossils  of  the  Carboniferous  Limestone. 

Actiiiozoa, — Amplexus  coralloides,  Lithostrotion  affine, 
L.  junceum,  L.  striatum  ( =  basaltif orme),  Michelinia  favosa, 
ZaphrcDtis  cylindrica,  Syringopora  reticulata. 

Echinodermata, — Pentremites  Derbiensis,  Platycrinus 
Isevis,  Poteriocrinus  crassus,  Actinocrinus  amphora. 

Cnistdcea. — Brachymetopus  ouralicus,  Phillipsia  pustu- 
lata,  Griffithides  globiceps. 

Polyzoa, — Fenestella  antiqua,  F.  membranacea. 

Brachiopoda. — Terebratula  hastala,  T.  sacculus,  Athyris 
ambigua,  Spirifera  striata,  S.  glabra,  Bhynchonella  acumi'^ 
nata,  Producta  gigantea,  P.  semireticulata. 


CABB0NIPEB0U8  SYSTEM. 


Oatteropoda. — Natica  plicietria,  Euomphalus  pentangu- 
latUB,  Plenrotomaria  carmata  (flammigera). 


Fig. 

I.  UnbU  TerapinaM. 
i.  ATicolopecten  ] 
c.  Cardiomorpb*  < 


/,  Bellerophon  ungentulis. 


Cephalopoda. — Nautilus  carinatus,  N.  doraalis,  Oonia- 
titea  Listen,  Cyrtoceras  Gesneri. 

Pitee*. — Psammodua  porosus,  Orodus  ramoBus,  Pseci- 
IcdoB  Jonesii. 

ThefossilB  of  the  Toredale  beds  are  essentially  the  Bam& 
u  those  of  the  Lower  Limestone  series ;  but  the  chief  lime- 
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stone-making  genera  are  much  less  common,  as  migLt  be 
expected,  while  Lamellibranch  Mollusca  are  proportionally 
more  abundant.  The  folloving  are  the  species  most  com- 
monly met  with  in  the  Yoredale  group :  Woodocrinus 
ma(!rodactylus,PoHidonomyaBecheri,Ctenodonta8p.,Avicu- 
lopecten  papyraeeus,  At.  variabilis,  Goniatites  ^steri,  G. 
crenistria. 

The  Millstone  grit  is  generally  barren  of  fossils,  but 
-when  they  do  occur  they  are  of  Yoredale  and  Carboniferous 
Limestone  species. 


CarLoniferouB  Fosstla 


Fossils  of  the  Lower  Coal  Measures. 

The  fauna  of  this  group  indicates  a  transition  from  the 
marine  conditions  of  the  lower  stages  to  the  estuarine  and 
freshwater  conditions  of  the  overlying  measures.  Apart 
from  the  plants  its  fossils  are  chiefly  marine,  and  the  fol- 
lowing are  some  of  them  : — 


CHIP.  TI.] 
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Athy- 


Braehiopoda. — Discina  nitid&,  Lingula  roytiloidt 
ris  pmguia. 

LamellibranekM. — AxinuB  sulcatus,  Mouotis  Iffivis,  Schi- 
goduB  carbonarius,  PoBidonoinya.  Gibeoni,  P.  membranacea. 

Cephalopoda. — Gosiatites  reticulatua,  Q.  Gibsoni,  Ortho- 
ceiae  Steinhaueri. 

The  priocipal  marine  fossils  are  given  in  the  preceding 


Fig.  33.    CuHM>oiferaa«  FomiW 
1.  GmiitUla  iJiterL  3.  ActinacrinDi  Porkinsoni. 

S.  „         cranUtri*.  *.  „  (um*  and  pi 
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lists,  but  there  are  many  species  which,  though  perhaps 
more  abundant  in  one  group  than  in  others,  nevertheless 
range  throughout  the  whole  marine  series.  The  following 
are  some  of  these : — 

Discina  nitida,  Athyris  planosulcata, 
Bhynchonella  pleurodon,  „       arabigiia, 

Orthis  resupinata,  Producta  scabricula, 
Spirifer  pinguis,  „       semireticulata. 


174  PALiBOZOIC   BOOKS.  [PABT  Y. 

Aviculopecten  papyraceus,      Goniatites  sphaericus, 
Conularia  quadrisulcata,         Phillipsia  pustulata. 
Bellerophon  Urii, 

2.  Terrestrial  and  Freshwater  Type. — This  fauna 
and  flora  is  of  course  found  principally  in  the  true  Coal- 
measures,  but  the  same  genera  and  often  the  same  species 
occur  in  the  estuarine  and  freshwater  beds  which  are  pre- 
valent throughout  the  whole  system  in  Scotland,  and  to  a 
less  extent  in  the  north  of  England. 

Ferns. — Fern-leaves  abound  in  almost  every  coal-seam 
and  its  associated  measures,  the  coal-roof  being  sometimes 
completely  covered  with  the  impressions  of  beautiful  fronds. 
It  is  difficult  to  say  how  many  of  the  fronds  belonged  to 
stem  less  ferns,  or  whether  the  majority  are  not  the  fallen 
leaves  of  arborescent  ferns,  resembling  the  tree-ferns  of 
the  tropics.  Stems  of  such  tree-ferns  have  been  found  re- 
sembling some  recent  forms  in  the  size  and  disposition  of 
the  scars  left  by  the  detachment  of  the  frond  stalks. 
Fronds  bearing  fructification  are  occasionally  found,  but 
most  of  the  present  genera  are  distinguished  only  by  the 
nervation  and  form  of  the  pinnules  (or  leaflets),  characters 
which  are  sufficient  for  the  distinction  of  species,  but  are 
not  trustworthy  guides  in  the  grouping  of  species  into 
genera. 

Among  the  genera  which  have  been  founded  on  the 
barren  fronds,  the  following  are  some  of  the  most  abun- 
dant ; — Alethopteris  (fig.  33),  Neuropteris  (fig.  34),  Palce- 
opteria,  Pecopteris,  OdoniopterU  (fig.  33),  Sph^nopteris  (fig. 
33),  Sagenopteris,  Cychpterie, 

Cdlamites  were  gigantic  Equiseta  or  Horsetails,  and  con- 
sisted of  a  larg^  central  column  of  soft  tissue  encased  in  a 
cylinder  of  woody  tissue  or  bark.  The  central  part  has 
generally  perished  and  disappeared,  and  the  cavity  thus 
left  has  been  filled  up  with  mineral  matter,  forming  the 
casts  which  are  such  common  carboniferous  fossils.  The 
outer  ligneous  envelope,  being  carbonized  and  friable,  is 
seldom  preserved  in  a  perfect  state. 

The  stellate  markings  round  the  stem  in  fig.  34,  are 
the  impressions  of  a  zone  of  leaves  surrounding  the  joint. 

The  name  CalamUes  is  at  present  restricted  to  these 


E^g.  33.    Carboniferops  Ferns. 
I.  SphenopUril  lioewu.  3.  Alethopteria  lonchitics. 

3.  „  affiuis.  4.  OdoDlopt«rli  SchlotheimL 


Fig.  34.    Cwboniferooa  FlanU. 

I,  a.  Calunitcs  radiattu  (stem  »nd  roots). 

3.  „        approsimHus  (bue  appermoat), 

4.  NeoTopteri*  acuminata. 
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jointed  steme,  while  other  names,  ArierophyUites,  Annit- 
taria,  and  Sph^yiophyllum,  are  given  to  different  varieties 
of  foliage  which  are  believed  to  belong  to  Calamiiei.  The 
fruit  is  a  aca,\j  spike  (Volkmannia),  in  which  sporangia  are 
arranged  like  those  of  Equisetnm. 


Fig.  35.    Lepfdodendron. 


Lepidodendra. — These  were  gigantic  members  of  the 
Lfcopodiaeete.  or  Club-moss  f^iily,  having  trunks  many 
feet  in  girth,  and  fortj  to  sixty  feet  in  height.  The  trunks 
branch  toward  the  top  into  seTeral  limbs,  which  divide 
igain  into  smaller  bonghs.  The  foliage  conaista  of  simple 
Hiiear  leaves,  which  are  sometimes  found  attached  to  the 


/ 
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terminal  branches  (fig.  35),  and  the  angular  scars  on 
the  stem  are  the  marks  left  bj  the  detachment  of  these 
leaves. 

The  scaly  cylindrical  cones  which  are  known  as  Lepidoa- 
trohi  are  the  fruit  of  the  Lepidodendra,  and  were  borne  at 
the  extremities  of  some  of  the  branches. 

Sigillaria. — These  appear  to  have  been  the  commonest 
trees  in  the  swampy  portions  of  the  Carboniferous  forests, 
and  have  evidently  supplied  the  chief  mass  of  the  material 
which  forms  our  coal-seams,  while  their  roots  (Stigmarice) 
ramify  in  the  under-clays  beneath.  They  were  tall  trees, 
branching  at  the  top,  and  rivalling  the  Lepidodendra  in 
height,  with  a  bare  trunk  fluted  longitudinally,  and  regu- 
'  larly  ornamented  by  the  pits  or  scars  left  at  the  points 
where  the  leaf-stalks  were  attached.  These  leaves  were 
long  and  narrow,  and  were  first  described  under  the  name 
of  Cyperites.  The  fruit  consists  of  small  sporangia  borne  at 
the  basis  of  slightly  modified  leaves  ;  Sigillaria  was  there- 
fore an  Acrogen,  and  allied  to  Lepidodendron.  The  roots 
(Stigmarice)  were  long,  branching,  and  tapering,  with 
numerous  radicles  spreading  out  in  all  directions ;  such 
roots  have  been  found  which  were  upwards  of  twenty  feet 
in  length.  Perhaps,  like  those  of  the  modem  mangrove- 
tree,  these  roots  were  partly  aerial,  rising  well  above  the 
low-water  mark  of  the  swamp,  and  uniting  in  a  dome- 
shaped  manner  to  support  the  trunk. 

Coniferce. — The  stems  of  true  Coniferae  (Pinitea,  Dado- 
xyhn,  and  AraticarioQsylon)  have  also  been  met  with,  espe- 
cially in  the  volcanic  tuffs  of  the  Scotch  Carboniferous 
series  ;  the  lower  slopes  of  the  old  volcanoes  were  doubt- 
less clothed  with  these  pine-trees,  their  habitat  being  in 
such  high  and  dry  localities,  and  not  in  the  swampy 
ground  where  the  other  plants  flourished.  The  fruit 
called  Trigonocarpon,  of  which  there  are  many  forms 
abounding  in  the  Coal-measures,  are  now  supposed  to  have 
belonged  to  conifers  of  the  yew  tribe. 

Mollusca. — In  the  Coal-measure  shales,  and  associatiBd 
with  many  of  the  plants  above-mentioned,  shells  somewhat 
resembling  the  recent  Unios  are  frequently  f oimd.  They 
have  been  referred  chiefly  to  three  genera,  Anthracosia, 
Anthracomya,  and  Anthracoptera ;  but  their  real  affinities 


fig.  36.    Sigillaria  and  Stigmaria. 

1.  Sigillaria  Saulii,  bark  (a),  and  inner  surface  (b), 

2.  Sigillaria  stem  (a),  with  Stigmarian  rootlets  (b). 
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are  not  known,  and  they  appear  to  have  been  capable  of 
living  both  in  fresh  and  brackish  water,  if  not  in  purely 
salt  water,  for  the  same  species  are  sometimes  found  asso- 
ciated with  marine  moUusca. 

Arthropoda. — True  insects,  Myriapods  and  Arachnids, 
have  also  been  found  in  the  Coal-measures,  including 
crickets,  beetles,  and  a  scorpion.  Crustacea  also  inhabited 
the  waters,  the  small  Ostracoda — LeperdUia,  Beyrichia,  and 
Estheria — swarming  in  some  localities,  as  in  the  Burdie- 
house  Limestone  (p.  205),  and  several  species  of  Limuloid 
Crustacea  have  been  described  by  Dr.  Woodward,  and  re- 
ferred  to  the  genera  Limultis  and  Belinuinis, 

Fishes, — Fish  remains,  of  Gunoid  and  Elasmobranch 
genera,  are  everywhere  abundant,  but  it  is  difficult  to 
separate  entirely  the  freshwater  forms  from  the  marine, 
because  some  (like  the  MoUusca)  seem  to  have  been 
equally  at  home  in  salt  and  brackish  water ;  some  of  them, 
like  the  modem  salmon,  may  have  lived  in  the  sea  at 
certain  seasons  and  in  the  estuaries  and  rivers  during 
other  parts  of  the  year.  The  following  genera  are,  how- 
ever, most  frequently  associated  with  the  Coal-measure 
plants : — CcelacanthuSf  Cheiradtis,  Gtenacanthvs,  Ctenopty- 
china,  Oyracanthus,  Megalichthys,  Platysamus,  Pleu/racan- 
thus,  Bhizodtis,  Bhizodopsis,  and  Strepaodus} 

Amphibia, — Thirteen  genera  of  Labyrinthodonts  are  re- 
corded from  British  Carboniferous  rocks,  Anthracoaawrus, 
Loxomma,  Ophiderpeton,  TJrocordylua,  &c.,  mostly  from  the 
Jarrow  coalfield  in  Leinster,  Ireland.  Others  (Archego- 
aauTua)  occur  in  Prussia  and  (BapTietea,  Dendrerpeton)  in 
Nova  Scotia.  Footprints  have  also  been  observed  in  the 
Forest  of  Dean  coalfield  and  in  the  Limestone  Series  of 
Dalkeith,  Scotland.  The  larger  reptiles  are  believed  to 
have  measured  seven  or  eight  feet  in  length,  but  others 
were  very  small ;  they  were  probably  fluviatile  creatures 
preying  on  the  fish  and  Crustacea  which  swarmed  in  the 
swamps  and  lagoons  of  the  period. 

^  Dr.  Traquair  considers  that  the  genera  Palaaniscus^  Amblypterm^ 
and  Pvgopterus  are  Permian  forms  only,  and  that  the  Carboniferous  fish 
described  under  these  names  belong  to  other  genera. 


J 
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Range  and  Relation  to  Underlying  Bocks, 

In  England  Carboniferous  rocks  occupy  large  tracts  of 
the  surface,  and  also  have  a  wide  subterranean  extension. 
They  form  the  eastern  part  of  Devonshire,  and  underlie  a 
large  area  round  Bristol,  though  partially  concealed  by 
beds  of  newer  date ;  westward  they  extend  under  the 
Bristol  Channel  into  South  Wales,  and  across  Carmarthen 
Bay  into  Pembroke;  eastward  they  pass  beneath  newer 
rocks,  and  are  believed  to  extend  through  the  counties  of 
Wilts,  North  Hants,  and  Surrey,  forming  part  of  the  broad 
tnuit  of  Palseozoic  rocks  which  is  known  to  exist  beneath 
the  Cretaceous  beds  under  and  north  of  London. 

They  have  also  a  wide  subterranean  extension  in  the 
Midland  counties,  having  been  proved  beneath  the  Mesozoic 
strata  at  Burford  in  Oxfordshire,  and  at  Northampton,  and 
portions  of  them  reach  the  surface  in  the  coalfields  of  War- 
wick, Leicester,  and  Stafford.  They  form  also  a  nearly  con- 
tinous  band  along  the  borders  of  Wales  through  Worcester 
and  Shropshire,  and  throi^h  the  counties  of  Denbigh  and 
Flint  to  the  estuary  of  the  Dee. 

In  the  north  of  England  they  form  the  whole  length  of 
the  Pennine  chain  from  Derbyshire  to  Northumberland, 
and  occupy  large  surface  areas  on  either  side;  they  are 
moreover  supposed  to  underlie  all  the  tracts  covered  by 
newer  rocks  in  this  part  of  the  country,  so  that  they  are 
only  really  absent  from  the  Lake  District  and  the  few  other 
localities  where  older  beds  rise  to  the  surface. 

Prom  Northumberland  they  spread  into  Scotland  through 
the  counties  of  Berwick  and  HiEiddington,  and  thence  into 
the  Lowland  District,  which  they  occupy  entirely  from  side 
to  side. 

In  Ireland  they  form  more  than  half  the  rock-surface  of 
^  country,  spreading  over  the  whole  central  plain  from 
sea  to  sea,  and  stretching  southward  to  the  shores  of 
Waterford  and  Cork. 

In  regard  to  superposition,  it  may  be  stated  generally 
ftat  where  rocks  of  Upper  Devonian  age  are  developed,  the 
Carboniferous  strata  succeed  in  conformable  sequence,  but 
where  the  marine  Devonians  are  absent,  the  Carboniferous 
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rocks  usually  rest  irregularly  and  unconformably  upon  a 
surface  of  the  older  Palseozoic  rocks.  Where,  however,  the 
Upper  Old  Bed  Sandstone  is  found,  this  statement  is  not 
true,  unless  the  whole  of  that  series  is  included  within  the 
Carboniferous  system ;  if  only  a  part  is  so  included  (as  in 
Scotland),  then  the  relation  between  the  Carboniferous  and 
Old  Bed  Sandstone  is  a  conformable  one. 

Where  the  lower  members  of  the  system  are  absent,  as 
is  the  case  in  the  Midland  counties  of  England,  there  is  a 
very  marked  unconformity,  and  the  upper  members  rest 
on  an  irregular  surface  of  Silurian  and  Ordovician  rocks. 
Again,  where  no  rocks  of  Devonian  age  occur,  as  in  Lanca- 
shire and  Westmoreland,  the  Carboniferous  base  rests  on 
the  upturned  edges  of  older  rocks. 

The  upper  members  of  the  system  also  frequently  over- 
lap the  lower,  as  in  South  Wales  and  Shropshire. 


Stratigraphy. 

For  the  purposes  of  description  I  shall  treat  of  the 
several  districts  in  which  Carboniferous  rocks  occur  in  the 
following  order  :— 

1.  South- Western  area.  6.  The  Lake  District. 

2.  The  Midlands.  7.  Scotland. 

3.  North  Wales.  8.  Ireland. 

4.  South  Pennine  are«^.  9.  Devonshire. 

5.  North  Pennine  area. 


1.  South- Western  Abea. 

Passing  over  for  the  present  the  tract  of  Carboniferous 
rocks  in  Devonshire,  we  commence  with  the  area  which 
includes  the  Bristol,  Forest  of  Dean,  and  South  Wales 
coalfields.  Carboniferous  rocks  set  in  along  the  range  of 
the  Mendip  Hills  which  display  an  anticlinal  of  Old  Bed 
Sandstone  covered  by  Carboniferous  Limestone  series,  the 
northern  slopes  of  the  latter  dipping  beneath  the  strata  of 
the  Bristol  coalfield. 

Li  this  district  the  Palseozoic  rocks  are  partiaUy  con- 
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oealed  by  a  greater  or  less  thickness  of  newer  strata  (Trias, 
Lias,  and  Oolites),  and  are  only  exposed  to  view  in  discon- 
nected and  isolated  tracts  where  the  jounger  strata  have 
been  removed;  but  the  general  structure  of  the  area  is 
well  known  from  the  explorations  of  mining  enterprise. 
In  shape  the  Bristol  coalfield  forms  an  irregular  triangle, 
and  is  divided  into  four  separate  basins  by  two  anticlinal 
axes,  which  cross  each  other  to  the  west  of  Bristol,  one 
running  nearly  due  east  and  west,  the  other  from  S.S.W, 
to  N.N.E.  l^e  two  eastern  basins  are  the  largest  and 
most  important.  The  Carboniferous  Limestone  and  Mill- 
stone Grit  are  continuous  round  the  whole  area. 

Crossing  the  Severn  we  find  a  tract  of  Lower  Carbonife- 
rous rocks  in  the  neighbourhood  of  Chepstow,  which 
stretches  northward  and  ties  on  to  the  periclinal  area  that 
encloses  the  coalfield  of  the  Forest  of  Dean,  a  perfect 
example  of  a  basin-shaped  area. 

Passing  westward,  and  crossing  the  tract  of  Silurian 
and  Old  Bed  Sandstone  which  lies  on  either  side  of  the 
river  Usk,  we  come  to  the  great  coalfield  of  South  Wales. 
Here  the  Carboniferous  rocks  occupy  a  long  basin  or 
trough-shaped  area,  which  extends  from  Pontypool  in  Mon- 
mouthshire to  Carmarthen  Bay,  with  a  narrow  prolonga- 
tion across  this  bay  through  Pembrokeshire  to  St.  Bride's 
Bay.  The  area  east  of  Carmarthen  Bay  is  traversed  by  a 
remarkable  anticlinal  axis  which  divides  the  basin  into  a 
northern  and  southern  trough. 

The  strata  composing  the  Carboniferous  series  are 
thickest  in  the  south-eastern  part  of  the  area,  and  diminish 
partly  by  thinning  out,  and  partly  by  overlap  towards  the 
west  and  north.  The  following  is  an  account  of  the  rock 
groups  recognized  in  the  area : — 

Red  Sandstone  Group. — These  form  the  upper  part 
of  the  Old  Bed  Sandstone  series,  and  consist  of  red  sand- 
stones and  conglomerates,  see  fig.  26.  They  form  the  central 
and  sterile  portions  of  the  Mendip  Hills,  and  surround 
the  South  Welsh  basin,  where  they  are  more  than  600  feet 
thick.  They  are  believed  to  rest  imconformably  upon  the 
Gomstone  series,  but  this  has  not  been  ascertained  definitely. 
They  pass  up  into  the  overlying  group,  the  passage  beds 
consisting  of  red  and  yellow  sandstones  interstratified  with 
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red,  green,  and  grey  shales,  which  are  well  exhibited  on 
the  Pembrokeshire  coast. 

Carboniferous  Limestone  Series. — This  commences 
with  a  group  of  dark  grey  shales  passing  by  alternation 
into  the  sandstones  below  and  into  the  limestones  above. 
It  is  finely  shown  in  the  gorge  of  the  Avon  at  Clifton, 
where  it  is  said  to  be  about  500  feet  thick,  and  contains 
near  the  base  a  remarkable  bed  crowded  with  the  remains 
of  fish  in  the  shape  of  teeth  and  bones,  and  hence  termed 
the  "  bone  bed."  In  South  Wales  this  Lower  Limestone 
Shale  is  from  300  to  400  feet  thick;  in  the  Forest  of 
Dean  only  160  feet.  In  these  shales  marine  fossils  are 
abundant. 

This  shaly  zone  is  succeeded  by  massive  limestones, 
which  have  a  thickness  of  2,500  feet  near  Bristol,  and 
1,000  feet  in  Glamorgan,  but  thin  westward,  and  die  out 
altogether  near  Haverfordwest.  They  likewise  thin  north- 
ward, and  in  the  Forest  of  Dean  are  only  680  feet  thick, 
and  include  a  thick  red  sandstone  near  the  top.  Where 
the  group  is  fully  developed  its  lower  portion  consists  of 
massive  bluish  grey  limestones,  full  of  corals,  encrinites, 
and  brachiopoda  (see  list  on  p.  170)  ;  the  central  portion  of 
dark  shales,  succeeded  by  more  massive  limestones ;  the 
uppermost  500  or  600  feet  consist  of  thin  limestones, 
alternating  with  black  and  brown  shales,  and  occasional 
beds  of  red  sandstone  near  the  top;  these  upper  beds 
probably  represent  the  Toredale  Oroup  of  the  northern 
counties. 

The  following  is  an  abstract  of  a  section  measured  by 
Sir  H.  De  la  Beche  from  Brandon  Hill  to  the  Avon  near 

Bristol  ^ : — 

Feet. 

Millstone  Grit 975 

i  Upper  shales  and  limestones     .  500 

Massive  limestones 448 

Dark  shales 477 

Lower  Umestones       ,        ...  766 

Lower  limestone  shale        .                 .  411 
Yellow  sandstones  with  a  basement  layer  of  quartz 

pebbles 294 

»  "  Mem.  Geol.  Sunrey,"  voL  i.  p,  122. 
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Millstone  Grit. — The  "  Limestone  Series  "  is  succeeded 
by  the  thick  grits  or  sandstones  which  are  generally  known 
as  the  Millstone  Grit,  but  in  South  Wales  are  called  the 
Farewell  Bock,  because  when  this  is  struck  it  is  equivalent 
to  saying  "  farewell  *'  to  the  Coal-measures.  Near  Bristol 
these  grits  are  estimated  at  950  feet  in  thickness,  but  in 
South  Wales  they  never  exceed  350  feet,  and  thin  west- 
ward so  rapidly,  that  they  are  entirely  absent  to  the  west 
of  Swansea  Bay,  allowing  the  Lower  Coal-measures  to  rest 
directly  upon  the  Carboniferous  limestone,  and  when  this 
thins  out  also  near  Haverfordwest,  the  higher  beds  repose 
upon  Lower  Silurian  rocks. 

The  Lower  Coal-Measures  are  principally  shales, 
but  are  rich  in  ironstones  and  coal-seams,  the  latter  being 
most  numerous  in  the  Bristol  coalfield,  where  the  series  is 
some  2,000  feet  in  thickness,  and  along  the  southern  out- 
crop of  the  Welsh  area,  where  it  has  a  thickness  of  1,000 
feet,  northward  and  westward  it  thins  to  less  than  500 
feet. 

The  Pennant  Grits  overlie  the  Lower  Coal-measures, 
and  consist  chiefly  of  hard  thick-bedded  sandstones,  but 
containing  from  five  to  fifteen  coal-seams  with  their  under- 
clays.  TI^s  series  attains  its  maximum  development  in 
Glamorganshire,  where  it  is  estimated  at  more  than  4,000 
feet,  and  forms  the  fine  range  of  escarpments  which  enclose 
the  central  table-land  of  the  county.  In  Gloucestershire 
it  is  about  2,000  feet  thick.  Li  the  Forest  of  Dean  the 
productive  measures  are  1,900  feet  thick,  and  probably 
include  representatives  of  the  Lower  and  Middle  Coal- 
measures. 

The  Upper  Coal-Measures. — These  consist  of  shales 
and  sandstones,  with  many  coal-seams,  nine  of  which  are 
over  two  feet  thick :  the  whole  series  has  a  thickness  of 
3,000  feet  near  Bristol,  and  more  than  this  in  South  Wales. 
They  form  the  great  table-land  of  Glamorganshire,  and 
"  along  the  deep  valleys  by  which  this  region  is  intersected 
the  coal-beds  often  crop  out,  and  are  worked  by  tunnelling 
into  the  heart  of  the  hills  "  (5ull).  In  South  Wales  the 
character  of  the  coals  undergoes  a  remarkable  change  as 
they  are  followed  from  east  to  west,  the  same  seams  which 
are  bituminous  in  the  east  becoming  semi-bituminous  in 
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the  central  area,  and  finally  passing  into  the  hard  anthra- 
cites of  Pembrokeshire.^ 


2.  The  Midland  Abba. 

In  the  central  part  of  England  the  lower  groups  of  the 
Carboniferous  series  are  for  the  most  part  wanting,  and 
the  higher  measures  are  broken  up  into  a  number  of  inde- 
pendent basins.  Along  the  southern  borders  of  these  basins 
the  Coal-measures  rest  unconformably  upon  the  eroded 
edges  of  the  older  Palaeozoic  strata,  but  as  thej  are  traced 
northward  some  of  the  lower  members  of  the  system  are 
found  to  set  in  again ;  in.  other  words,  the  higher  stages 
successively  overk,p  those  beneath  them  in  a  southerly 
direction. 

The  only  complete  sections  of  the  system  are  at  the  ex- 
treme western  and  eastern  limits  of  the  area,  near  Coal- 
brookdale  on  the  one  hand,  and  near  Chamwood  Forest  on 
the  other.  It  will  be  convenient  to  commence  with  the 
former,  and  to  add  brief  notices  of  the  beds  composing  the 
Shropshire,  Worcestershire,  South  Staffordshire,  Warwick- 
shire, and  Leicesteirshire  coalfields. 

A  traverse  from  the  foot  of  the  Wrekin,  across  Coal- 

brookdale,  would  pass  over  the  edges  of  the  Carboniferous 

beds,  all  dipping  eastward,  though  broken  by  numerous 

faults.     The  succession  is  as  follows,  though,  of  course,  in 

coming  from  the  west,  the  lowest  bed  would  be  the  first  to 

be  met  with. 

Thickness  in 
N.  part. 

Upper  Coal-measures      ....        300 
Middle  Coal-measures  )  -.  qqq 

Lower  Coal-measures  j  .         .         .        , 

Millstone  Grit (?)  300 

Carboniferous  Limestone  Series      .         .  (?)  250 
Basalt,  resting  on  Silurian  rocks     .         .     (?)  50 

The  Shropshire  coalfield  appears  as  usual  to  be  basin- 
shaped,  its  eastern  lip  being  covered  unconformably  by 

^  See  HoU's  "  Coalfields  of  Great  Britain." 
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Dyassic  and  Triassic  rocks.  The  most  interesting  fact 
connected  with  it  is  the  break  or  discordance  in  the  middle 
of  the  Coal-measures,  probably  in  consequence  of  the  local 
absence  of  the  middle  stage  of  these  measures ;  the  upper 
measures,  with  a  band  of  limestone  containing  Spirorhis 
carhonariuSf  being  within  150  feet  of  the  Millstone  Grit  at 
the  south  end  of  the  coalfield. 

As  the  lower  members  of  the  series  are  traced  south- 
ward, it  is  found  that  the  Millstone  Grit  quickly  overlaps 
the  underlying  limestone  and  basalt  on  to  the  Silurian 
rocks,  and  though  the  grits  continue  to  form  a  base  for 
some  distance,  yet  finally  they  also  disappear,  and  in  Wor- 
cestershire the  Coal-measures  rest  directly  upon  the  older 
rocks  (Cornstone  Series),  extending  southward  in  a  narrow 
tract  which  broadens  out  near  Bewdley.  Moreover,  these 
measures  chiefly  belong  to  the  uppermost  stage,  which  has 
therefore  overlapped  all  those  below.  The  same  overlap 
appears  to  take  place  both  in  a  westerly  and  easterly  direc- 
tion from  Coalbrookdale ;  thus,  near  Shrewsbury,  we  have 
Upper  Coal-measures  only  resting  on  Silurian  and  Cam- 
brian rocks ;  while  eastward,  in  South  Staffordshire  (where 
they  rise  again  from  below  the  newer  rocks),  representa- 
tives of  the  Coal-measures — Upper  (800  feet),  Middle  and 
Lower  (500  feet) — are  the  only  surviving  portions  of  the 
series,  and  these  rest  upon  a  very  irregular  surface  of 
Silurian  rocks.     (See  diagram,  fig.  39.) 

The  same  is  the  case  in  Warwickshire,  where  the  Middle 
Coal-measures  are  faulted  against  the  Cambrian  shales, 
which  were  formerly  supposed  to  represent  the  Lower  Coal- 
measures  (see  p.  72).  The  productive  measures  (middle 
stage)  are  1,400  feet  thick,  consisting  of  shales  and  sand- 
stones, with  five  workable  coal-beds  near  the  centra,  which 
coalesce  towards  the  south  into  one  compound  seam  26  feet 
thick.  Fifty  feet  of  the  Upper  Coal-measures  succeed,  and 
contain  a  band  of  Spirorbis  limestone,  dipping  everywhere 
beneath  a  large  area  of  Permian  rocks,  which  doubtless 
conceal  a  much  larger  coalfield  than  that  exposed  to 
view. 

It  is  noteworthy  that  the  thin  band  of  limestone,  con- 
taining Spirorhis  carhonarius,  and  known  as  the  Spirorbis 
limestone,  is  persistent  over  a  very  large  area,  although  it 
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is  seldom  or  never  more  than  one  foot  thick.  It  was  first 
detected  in  Shropshire  by  Sir  Roderick  Murchison,  and  has 
since  been  discovered  in  the  Shrewsbury,  Forest  of  Wyre, 
Staffordshire,  Warwick,  Lancashire,  and  North  Wales  coal- 
fields, always  occupying  the  same  position  near  the  base  of 
the  Upper  Coal-measures.  It  is  remarkable,  both  as  an 
instance  of  the  persistence  of  a  very  thin  stratum,  and  also 
as  showing  the  widespread  uniformity  of  conditions  pre- 
vailing at  the  time  of  its  formation. 

In  Leicestershire,  as  already  mentioned,  we  once  more 
find  a  complete  section  of  the  Carboniferous  system, 
though  the  lower  members  thereof  are  very  thin,  and 
evidently  not  far  from  their  original  limits.  The  Carbonife- 
rous Limestone  is  exposed  in  several  small  detached  areas, 
and  its  base  is  nowhere  seen,  but  it  probably  rests  on  the 
Cambrian,  or  on  the  rocks  which  rise  to  the  surface  in 
Chamwood  Forest.     The  overlying  beds  are  as  follow  : — 


Sandstone  (of  Upper  Measures)  in  un- 
conformable outliers    . 
Middle  Coal-measures     . 
Lower  Measures,  without  coals 
Millstone  Grit 

Shales,  blue,  black,  and  purple 
Carboniferous  limestone. 


Feet. 

50 

1,500 

1,000 

50 

40 


3.  NoBTH  Wales. 

A  strip  of  Carboniferous  rocks  passes  through  the 
counties  of  Denbigh  and  Flint  from  the  valley  of  the 
Severn  south  of  Oswestry  to  the  estuary  of  the  Dee.  The 
basement  beds  (Carboniferous  limestone,  Ac.),  which 
thicken  considerably  northward,  rest  upon  Silurian  rocks, 
and  form  a  range  of  lofty  hills,  with  terraced  escarpments, 
facing  the  west.  A  powerful  fault  parallel  to  the  valley 
of  the  Clwyd  brings  them  in  again  under  the  Trias  on  the 
western  side  of  that  valley,  and  thence  the  limestone  skirts 
the  coast  to  Llandudno,  where  it  forms  the  promontory  of 
the  Great  Ormes  Head.  Small  detached  tracts  of  Car- 
boniferous strata  occur  in  Anglesey  and  on  either  side  of 
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the  Menai  Straits,  including  a  complete  series  from  the 
base  to  Middle  Coal-measures. 

Tuedian  Series. — Bed  sandstones,  with  a  base  of 
quartz  conglomerate  resting  on  Cambrian,  are  found 
beneath  the  limestone  in  Anglesey,  and  similar  beds  crop 
out  from  Colwyn  Bay  along  the  west  side  of  the  Vafe  of 
Clwyd,  but  are  overlapped  by  the  limestone  toward  the 
south.  Pebbles  of  Ludlow  and  Tilestone  have  been  found 
in  them. 

The  Limestone  Series. — ^In  North  Flintshire  this 
series  is  probably  2,000  feet  thick ;  at  the  top  is  a  group 
of  thin-bedded  black  limestones  and  shales,  containing 
FenesteUa  in  abundance,  with  ferns  and  Poeidonomya 
Beeheri,  and  probably  representing  the  Yoredale  division. 
In  South  Flintshire  this  bla^k  limestone  group  is  not  re- 
cognizable, but  the  upper  part  of  the  limestone  series  is 
split  up  by  beds  of  grit,  with  quartz  pebbles  and  calcareous 
sandstones,  which  form  a  passage  up  into  the  Millstone 
Grit.  In  Denbighshire  the  limestones  are  from  1,000  to 
1,500  feet  thick,  and  include  a  set  of  shaly  beds  at  the  top. 
In  Anglesey  the  thickness  is  greatly  diminished,  the  lime- 
stone being  only  about  450  feet  thick,  and  including  a  bed 
of  sandstone. 

The  Millstone  Grit — In  Denbighshire  this  is  said  to 
he  of  the  normal  type,  and  to  be  800  feet  thick,  but  in 
Flintshire  it  undergoes  curious  modification  ;  in  the  south 
of  the  county  it  is  still  a  coarse  grit,  full  of  quartz  pebbles, 
but  northwards  beds  of  chert  come  in,  and  it  finally  passes 
into  bedded  chert  of  a  fine  and  compact  character,  and 
about  300  feet  thick.^  In  Anglesey  it  is  represented  by 
200  feet  of  red  sandstone  and  conglomerate. 

The  LoAver  Coal-Measures  contain  several  coal- 
seams,  with  roofs  of  black  shale,  in  which  marine  fossils 
occur ;  these  correspond  with  the  Gannister  coals  of  Lanca- 
shire. The  total  thickness  of  the  measures  is  about  1,000 
feet  in  Flintshire,  and  they  can  be  examined  in  a  brook 
section  south  of  Hope. 

'  For  the  abore  description  of  the  Limestone  and  Millstone  Grit  in 
Flintshire  I  am  indebted  to  my  colleague  Mr.  A.  Strahan.  See  **  Mem. 
Geol.  Snrvey,"  Explanation  of  Sheet  79  N.W. 
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The  Middle  Coal-Measures  are  about  800  feet 
thick,  and  contain  nine  or  ten  good  coal-seams,  with, 
several  beds  of  ironstone.  .  A  similar  series  is  found  in 
Anglesey. 

The  Upper  Measures  are  only  found  in  Denbigh  and 
Flint,  where  they  attain  a  thickness  of  more  than  1,000  feet. 
The  following  is  an  abstract  of  the  succession  given  by  Mr. 
D.  C.  Davies '  :— 


Permian- 


Upper  Coal-  - 
Measures. 


Dark  Eed  Sandstone. 

Dark  grey  and  blue  shales,  with  a 
coal-seam 

Yellowish  and  greenish  grey  sand- 
stones,  with  lenticular  masses  of 
limestone 

Blue  shales,  with  two  coal-seams  and 
thick  fireclays       .... 

Eed,  white,  yellow,  and  brown  marls 

Green  and  grey  grits  and  conglome- 
rates, with  red  marls  and  clays     . 

Bed  and  blue  shales  with  ten  thin 
coals  and  beds  of  green  and  brown 
sandstone 

Band  of  Spirorbis  limestone     . 

Oefn  shales  and  rock 


Feet. 


180 


60 

44 
300 

300 


220 

1 

160 


1,255 


4.  South  Pennine  Abea. 


From  the  central  plains  of  England  there  rises  gradually 
the  broad  range  of  ridges,  peaks,  and  moorlands  which  is 
known  as  the  Pennine  chain.  Commencing  in  Derby- 
shire, it  runs  northward  through  Yorkshire,  Durham,  and 
Northumberland  to  the  Cheviots,  and  is  entirely  composed 
of  Carboniferous  rocks,  which  however  exhibit  remarkable 
lithological  changes  as  they  are  followed  from  south  to 
north. 

In  this  section  we  shall  describe  the  southern  type — the 
rocks  which  form  the  Derbyshire  Hills  and  the  West 

1  «  Quart.  Joum.  G«ol.  Soc./'  vol  zxxiii.  p.  10. 
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Biding  of  Yorkshire,  including  the  great  flanking  coalfields 
of  North  Stafford  and  Lancashire  on  the  west,  and  those 
of  Nottingham,  Derby,  and  Yorkshire  on  the  east. 

The  general  structure  of  Derbyshire  is  shown  in  fig.  40, 
the  strata  being  bent  up  into  a  broad  irregular  d6me  or 
periclinal  ellipse,  so  that  the  lowest  beds  are  found  in  the 
centre  of  the  tract,  and  thence  they  dip  steadily  to  the  east 
and  west,  allowing  higher  and  higher  groups  to  take  the 
ground.     This  dome  passes  northward  into  a  narrower 
anticlinal  axis  separating  the  coalfields  of  Yorkshire  and 
Lancashire.      This  anticlinal  and  the  flanking  synclinal 
troughs  which  form  the  coalfields  are  terminated  by  a  cross- 
fold  ranging  roughly  east  and  west,  and  bringing  up  the 
lower  beds  from  beneath  the  Coal-measures,  as  may  be  seen 
on  any  geological  map.    This  cross-fold  is  one  of  a  series 
of  parallel  folds  which  traverse  the  Yorkshire  moorlands, 
where  the  valleys  are  excavated  through  the  Carboniferous 
liiiiiestone  Series,  and  are  separated  by  ridges  of  Millstone 
Grit  corresponding  with  the  synclinal  axes. 

The  Carboniferous  Limestone  Series. — The  lowest 
beds  of  this  series  are  limestones,  the  base  of  which  is  not 
seen  in  Derbyshire,  although  they  are  deeply  trenched  by 
many  picturesque  valleys,  but  their  thickness  on  the  Staf- 
fordshire side  is  estimated  at  4,000  feet.  These  massive 
limestones  occupy  an  irregularly  oval  area  between  the 
^eys  of  the  Dove  and  Derwent  as  far  north  as  Castleton, 
where  the  northerly  dip  of  the  periclinal  sinks  them  beneath 
the  overlying  shale^s  aSd  grita^ 

They  occur  again,  however,  in  West  Yorkshire,  forming 
three  separate  tracts  ranging  east  and  west,  and  brought 
up  by  so  many  anticlinal  flexures  with  east  and  west  axes : 
these  tracts  are  (1)  between  Clitheroe  and  Skipton;  (2) 
from  Ingleton  by  Malham  Water  to  Hartlington ;  (3) 
between  Hawes  and  Middleham  in  Yoredale.  Li  these 
locahties  the  lower  part  of  the  series  consists  of  massive 
limestones  3,000  feet  thick,  which  near  Ligleton  and  Mal- 
ham Tarn  are  seen  to  rest  directly  on  Silurian  rocks ;  but 
the  higher  beds  are  separated  by  thin  layers  of  shale  and 
sandstone. 

The  limestones  are  succeeded  by  a  series  of  shales  and 
aandstones  which  were  called  the  Yoredale  series  by  Pro- 
n.  o 
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fessor  Phillips,  but  which  are  now  regarded  by  the  Geological 
Survey  as  inseparable  from  the  Limestone  series,  and  as 
the  equivalent  of  the  upper  part  of  this  series  elsewhere. 
In  the  south-east  of  Derbyshire  there  are  only  some  350 
feet  of  shale  which  can'  be  assigned  to  this  group,  but  it 
thickens  so  rapidly  westward  that  in  North  Staffordshire 
it  is  3,000  feet  thick,  and  can  be  subdivided  as  follows : — 

Upper.  Greenish  shales,  with  a  thick  bed  of  sandstone 

(Yoredale  Grit). 
Middle.  Fine  grained  sandstones. 
Lower.  Black  shales,  with  thin  bands  of  black  limestone. 

In  the  north  of  Derbyshire  the  group  is  about  1,400  feet 
thick,  and  in  Lancashire  it  attains  a  great  thickness,  esti- 
mated at  4,400  feet,  consisting  of  shales  and  flagstones 
with  thin  limestones  and  seams  of  coal.  The  thickness 
again  decreases  to  the  north-east,  and  is  not  more  than 
1,500  feet  in  Wharf edale  and  Yoredale,  where  these  beds 
border  the  limestone  tracts  above  mentioned. 

The  Millstone  Grit  consists  of  several  sets  of  grits 
and  flagstones  separated  by  shales  of  varying  thickness ;  like 
the  Yoredale  series  its  thickness  increases  to  the  north-west, 
and  finds  its  maximum  in  East  Lancashire,  where  it  is  said 
to  be  over  6,000  feet  thick.  Throughout  the  North  Derby- 
shire and  Lancashire  area  the  following  subdivisions  can 
be  traced,  though  the  thickness  of  each  varies  greatly : — 

5.  Eough  Rock,  or  first  grit. 

4.  Shales. 

3.  Middle  Grits,  including  the  second  and  third  grits  of 

Derbyshire. 
2.  Shales. 
1.  Kinderscout  Grit,  or  fourth  grit. 

The  lowest  grit  takes  its  name  from  the  high  table-land 
of  Kinderscout  in  the  Peak  coimtry,  which  consists  of  this 
rock,  and  rises  to  a  height  of  2,000  feet  above  the  sea. 
The  middle  grits  are  not  so  continuous  as  the  upper  and 
lower,  but  come  in  as  lenticular  beds  at  different  horizons. 
The  Eough  rock  is  a  very  coarse  grit,  sometimes  passing 
into  a  conglomerate  of  small  quartz  pebbles.  In  Lancashire 
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it  contains  a  workable  coal-seam  called  the  **  Feather-edge 
coaL"  The  shales  below  also  include  thin  seams  of  coal. 
To  the  south-west  in  Staffordshire  the  Kinderscout  Grit 
is  absent,  and  the  group  consists  of  the  first  and  third 
grits  only,  with  intervening  shales^,  less  than  400  feet  alto- 
gether. Between  Biddulph  and  Macclesfield  the  other 
grits  come  in  and  thicken  rapidly  northward,  till  near 
Mottram  the  whole  group  is  2,500  feet  thick,  and  near 
Burnley  over  5,000. 

Fig.  41  shows  the  succession  of  shales  and  grits  forming 
the  Yoredale  and  Millstone  Grit  series  near  Crich  in  Derby- 
shire, where  their  combined  thickness  is  about  700  feet. 

R.  Derwent. 


Fig.  41.     Section  through  Crich  Hill. 

5,  6,  7.  Millstone  Grit. 
2,  3,  4.  Toredale  group. 


1.  Limestone  g^^up. 
s.  s.  Sea-lerel. 


In  West  Yorkshire  the  Kinderscout  Grit  forms  the  great 
escarpment  of  Gragreth,  and  caps  the  outlying  eminences 
of  Ingleborough,  Whemside,  and  Mickle  Fell. 

The  Lower  or  Gannister  Measures  consist  of 
^ck  shales  and  sandstone,  with  several  seams  of  coal  and 
floors  of  a  peculiar  hard  and  compact  siliceous  stone  which 
is  locally  known  as  "gannister."  Some  of  the  seams 
occurring  in  this  and  the  overlying  measures  can  be  identi- 
fied on  both  sides  of  the  P^[inine  range,  and  thus  testify 
to  the  original  continuity  of  the  Coal-measures  over  the 
whole  district  before  these  hills  came  into  existence.  The 
fossils,  except  in  the  coal-seams,  are  chiefly  marine. 

Middle  Coal-Measures. — These  consist  of  shales  and 
sandstones,  with  numerous  beds  of  coal  and  ironstone. 
Though  commercially  the  most  important  group  in  the 
Carboniferous  system,  it  is  everywhere  of  less  geological 
interest  than  those  above  and  below.  These  measures 
attain  their  greatest  development  in  North  Staffordshire, 
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where  the;  are  no  less  than  4,000  feet  thick,  with  forty 
coal-seams  and  eleven  beds  of  irooBtone.  In  Lancashire 
the  total  thickness  is  neari^  as  much,  but  the  workable 
ooala  are  fewer.  In  South  Yorkshire  there  are  again  about 
forty-eight  coal-seaniB,  the  lowest  being  the  "  Silkstone" 
or  Sheffield  coal,  which  is  the  same  as  the  "  Arley  mine" 
of  Lancashire.  The  fossils  are  plants,  fishes,  and  fresh- 
water sheila. 

Upper  Coal-Measures. — These  measures  vary  greatly 
in  composition,  and  the  coals  they  contain  are  generally 
too  thin  to  be  worked.  They  are  chiefly  found  on  the 
western  side  of  the  Pennine  axis  in  Staffordshire  and 
Lancashire,  though  an  equal  thickness  may  exist  on  the 
eastern  side  beneath  the  overlapping  Permian  rocks.  In 
North  Stafford  they  consist  of  red  and  purple  mottled 
clays  with  brown  sandstones,  greenish  conglomerates,  thin 
coals,  and  a  bed  of  Spirorbis  limestone.  Near  Manchester 
they  exhibit  the  following  interestii^  succession: — 

Feet. 

Beddiah  claya,  shales,  and  sandstones,  with  six 
beds  of  grey  limestone,  two  thin  coal-seams, 
and  a  ba^d  of  hematite  ....       600 

Sed  and  grey  clays,  shales,  and  flagstones  .         .        600 

drey  and  black  shales  and  sandstone,  with  six 

coal-seams      .......        710 

1.910 

As  regards  their  presence  in  the  eastern  coalfield,  it  is 
not  unlikely  that  the  beds  pierced  by  the  deep  boring  at 
Scarle,  near  Lincoln,  belong  to  this  st^e.  They  were 
entered  at  a  depth  of  1,900  feet,  and  consist  of  grey  shale 
and  limestone  (118  feet),  greenish  grit  and  breccia  (1  foot), 
and  red  clay  (10  feet). 

Again,  near  Botfaerham  in  South  Yorkshire  there  is  a 
massive  red  sandstone,  which  was  formerly  considered  to 
be  of  Permian  age,  but  which  is  now  referred  to  the  Car- 
boniferous. Of  this  Professor  A.  H.  Green  remarks : — 
"  It  is  in  favour  of  the  Coal-measure  age  of  the  rock  that 
measures  can  be  seen  directly  overlying  it  which  cannot  be 
distinguished  from  the  ordinary  ^lales  and  sandstones  of 
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the  Coal-measures,  and  which  contain  seams  of  coal."  At 
the  same  time  there  is  evidence  to  show  that  it  is  decidedly 
unconformable  to  the  main  mass  of  the  Coal-measures. 
It  may,  therefore,  be  provisionally  referred  to  an  upper 
diyision  of  the  Coal-measures  resting  unconf  ormably  on  the 
main  body  of  that  f  oi*mation,  and  it  is  very  likely  analogous 
to  the  Wliitehaven  sandstone  of  the  Cumberland  coalfield, 
and  the  upper  tmconformable  division  of  the  Ayrshire 
Coal-measures  (see  pp.  201  and  207). 


5.  NoBTH  Pennine  Area. 

As  already  mentioned  (p.  192)  the  Lower  Carboniferous 
rocks  extend  northward  uninterruptedly  through  the 
moorland  district  of  West  Yorkshire,  Westmoreland,  and 
Northumberland  to  the  Cheviot  Hills  and  the  shores  of 
Berwick,  supporting  on  their  eastern  flanks  the  great 
coalfields  of  Durham  and  Newcastle.  The  western  boundary 
of  this  great  Carboniferous  tract  is  the  important  disloca- 
tion known  as  the  Pennine  fault,  which  commences  at 
Brough  in  Westmoreland,  and  runs  in  a  N.N.W.  direction 
by  Cross  Fell  to  the  borders  of  Dumfries,  a  distance  of  about 
50  miles.  To  this  fault  is  due  the  great  escarpment  which 
bounds  the  eastern  side  of  the  Eden  valley,  and  the  amount 
of  vertical  upthrow  along  this  line  is  in  some  places  as 
much  as  6,000  feet. 

Tuedian  Series. — These  beds  are  so  named  from  their 
development  in  the  Tweed  district ;  they  consist  of  yellow 
sandstones,  purple  shales,  greenish  sandy  clays  (sometimes 
full  of  hard  siHceous  concretions),  and  thin  bands  of  hard 
cream-coloured  limestone  or  cement-stone ;  near  the  Cheviot 
hills,  however,  sandstones  predominate,  and  pass  laterally 
into  red  conglomerates  containing  rolled  pebbles  of  the 
Cheviot  porphyrites,  these  fragments  increasing  in  size  as 
the  parent  masses  are  approached. 

The  Tuedian  beds  are  estimated  at  about  2,000  feet,  and 
they  are  now  r^arded  as  representing  the  lowest  part  of 
the  Carboniferous  Limestone  of  Yorkshire. 

Bemician  Series. — ^This  includes  the  representatives 
of  the  Upper  Carboniferous  Limestone  and  Yoredale  Beds  of 
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Yorkshire.  In  the  north  of  that  county  these  two  series 
are  still  distinguishable  as  separate  stages,  yet  as  they  are 
followed  northwards  they  lose  their  typical  characteristics, 
and  merge  into  one  great  series  of  alternating  limestonea. 
shales,  and  sandstones,  with  many  workable  beds  of  coaL 
The  lower  part  of  this  Bemidan  series  is  of  course  homo- 
taxial  with  the  Limestone  group,  and  the  upper  part  with 
the  Yoredale  group,  but  there  does  not  appear  to  be  any 
well-marked  or  persistent  bed  which  would  serve  as  a  line 
of  division  between  them.  Beds  of  this  type  stretch 
northward  from  Hexham  and  Haltwhistle  to  the  borders 
of  the  Cheviots  .and  north-eastward  to  the  sea,  forming  the 
coast-line  from  Alnmouth  to  Berwick-on-Tweed. 

In  the  Cross  Fell  and  Alston  district  on  the  borders  of 
Durham  the  thickness  of  the  series  is  not  more  than  2,500 
feet,  of  which  1,600  may  be  referred  to  the  Lower  Bemician 
and  1,000  to  the  Upper  Bemician  (Yoredales)  ;  it  includes 
some  twenty  different  beds  of  limestone,  eight  being  placed 
in  the  upper  stage,  and  the  remainder  in  the  lower.  Six 
of  the  Yoredale  limestones  can  be  followed  all  across  the 
county,  but  the  lower  limestones  appear  to  be  less  per- 
sistent, and  have  not  yet  been  correlated  with  those  seen 
along  the  coast  section. 

The  most  remarkable  point  in  the  Northumberland  series 
is  the  great  development  of  the  mechanicaP^ediments  in 
the  centre  of  the  county :  at  Alston,  betweei  the  **  Fell- 
top  "  and  "  Little  "  limestones,  there  is  about  350  feet  of 
shales  and  sandstones  ;  in  the  Inghoe  district  north  of  the 
Tyne  this  interval  has  increased  to  1,450  feet,  with  three 
intercalated  beds  of  limestone.  Here  the  total  thickness 
of  the  Bemician  group  is  estimated  at  8,000  feet,  but  east- 
ward it  again  diminishes,  and  along  the  coast  it  is  once 
more  reduced  to  between  2,000  and  3,000  feet. 

In  the  north  of  the  county  the  series  includes  seventeen 
workable  seams  of  coal,  and  there  are  about  the  same 
number  in  the  south.  Tliree  principal  groups  of  grits  are 
recognized  in  the  following  descending  order :  (1)  Inghoe 
Grits,  (2)  Simonside  Grits,  (3)  Harbottle  Grits;  these, 
however,  are  not  continuous  groups,  but  only  local  lenti- 
cular developments  of  the  gritty  members  of  the  series. 
The  Harbottle  Grits  lie  at  its  base,  and  have  been  classed 
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by  some  in  the  Tuedian  series  because  they  contain  the 
fossil  Anodonta  Jukesii,  which  is  only  elsewhere  found  in 
the  basement  "Yellow  Sandstone"  of  Ireland.  In  the 
Berwick  district  the  Dun  limestoue  of  Lamberton  is  arbi- 
trarily taken  as  the  base  of  the  group,  but  this  is  probably 
above  the  horizon  of  the  Harbottle  Grits.^     (See  p.  208.) 

Millstone  Grit. — This  division  is  thickest  in  the  south, 
the  usual  grit  series  being  found  in  the  vicinity  of  Tees- 
dale  ;  but  as  the  group  is  followed  northward  its  thickness 
rapidly  diminishes,  till  in  Durham  and  Northumberland 
the  whole  is  only  between  300  and  400  feet,  if  the  Felltop 
limestone  is  rightly  taken  as  the  upper  limit  of  the 
Bemidan  series. 

The  Gannister  Series  shows  a  similar  attenuation. 
In  the  South  Yorkshire  coalfield,  about  Bradford  and 
Halifax,  they  are  more  than  1,000  feet  thick,  with  eight  or 
nine  seams  of  coal,  but  when  found  again  in  Durham  they 
are  not  more  than  150  feet  thick,  with  a  few  thin  coals. 
They  pass  down  into  the  Millstone  Grit,  so  that  the  whole 
thickness  between  the  Felltop  limestone  and  the  Brockwell 
coal  (which  is  the  lowest  workable  seam)  is  not  more  than 
500  feet. 

The  Coal-Measures  of  Durham  and  Newcastle  pro- 
bably represent  the  Middle  Division   only,   for  though 
Professor  Hull  separates  the  upper  900  feet,  containing 
thick  beds  of  sandstone  or  "  post,"  as  an  upper  series,  yet 
they  do  not  seem  comparable  with  the  red  and  green  rocks 
of  the  true  Upper  Coal-measures  elsewhere.     The  full 
thickness  of  the  Northumberland  measures  is  about  2,000 
feet,  and  they  contain  some  twenty  good  seams  of  coal, 
including  the  Brockwell  seam  at  the  base,  and  the  Closing 
Hill  seam,  which  is  the  highest  known  seam  in  the  series. 
Besides  these  there  are  many  minor  or  less  valuable  seams, 
bringing  the  total  number  to  over  sixty.     Some  of  the 
shales  contain  nodules  and  bands  of  ironstone  which  have 
occasionally  been  worked,  and  some  of  these  are  so  full 
of  AnthmeosioL  shells  that  they  are  known  as  "  Mussel 
bands."     The  sandstones  are  used  for  building  purposes, 
and  one  bed,  known  locally  as  the  "grindstone  post,'* 
furnishes  the  celebrated  Newcastle  grindstones. 
*  Leboar's  ''  Geology  of  Northumberland." 
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6.  The  Lake  Distbict,  and  Isle  of  Man. 

This  district  includes  the  extreme  north  of  Lancashire, 
with  parts  of  Westmoreland  and  Cumberland,  the  central 
region  consisting  of  the  high  ground  formed  of  the  Qrdo- 
vician  and  Silurian  rocks  (see  fig.  13,  p.  96).  The  Car- 
boniferous rocks  enclose  this  tract  on  every  side,  except 
on  the  east  for  a  distance  of  about  twenty  miles  between 
Egremont  and  the  Duddon  estuary,  where  they  are  over- 
lapped by  the  Permian.  They  occupy  a  small  area  in  the 
south  of  the  Isle  of  Man. 

Carboniferous  Conglomerate  (Tuedian). — In  the 
XJlverston  and  Lindale  district  the  Carboniferous  lime- 
stone seems  to  be  everywhere  faulted  against  the  older 
rocks,  but  near  Kirkby  Lonsdale  a  remarkable  conglome- 
rate is  found  at  the  base  resting  on  Coniston  Grits,  and 
containing  large  angular  boulders  of  the  older  Palseozoic 
rocks ;  on  some  of  these  blocks  Professor  Eamsay  detected 
scratches  which  he  refers  to  the  agency  of  ice.  Their 
thickness  is  between  200  and  300  feet,  and  they  are 
succeeded  by  shales  and  limestones. 

Similar  beds  are  also  exposed  in  the  banks  of  the  river 
Kawthey  and  its  tributaries  near  Sedbergh,  and  are  visible 
at  several  places  along  the  northern  border  from  Killeth 
by  Shap  Wells  in  Birkbeck,  Bampton,  Ull^water,  <&c.  In 
Cumberland  they  form  the  mass  of  Mell  Foil,  and  are  well 
exposed  in  the  banks  of  Dacre  Beck.  Between  the  locali- 
ties above  named  they  are  overlapped  by  tl^e  Carboniferous 
Limestone,  and  they  seem  to  occupy  the  hallows  of  ancient 
valleys  and  fiords  excavated  in  the  Siluipan  rocks  during 
the  time  that  these  formed  part  of  the  0\d  Bed  Sandstone 
continent.  j 

In  the  Isle  of  Man  coarse  brecciated  Cjbnglomerates  sur- 
round the  Castletown  basin,  except  at  /  Peel,  where  there 
are  red  sandstones  with  thin  comstones  /like  the  lower  part 
of  the  Calciferous  group  of  Scotland.  iOrihis  Sharpei  and 
other  Carboniferous  fossils  occur  in  a/  calcareous  part  of 
the  breccia.  ( 

Carboniferous  Limestone. — ^This(  forms  a  continuous 
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strip  along  the  northern  border  of  the  Lake  District  com- 
mencing near  Egremont,  and  running  by  Cockermouth, 
Trebj,  Hesket,  Shap,  and  Orton,  to  Eavenstonedale  ;  south- 
ward it  spreads  out  OYer  a  large  tract  in  the  Kendal  district, 
and  also  along  the  northern  shores  of  Morecambe  Bay  to 
TTlYerston  and  Millom  across  the  Duddon.  The  lowest 
beds  are  sandstones,  shales,  and  limestones  in  alternating 
succession ;  the  middle  portion  consists  of  massiYC  lime- 
stones, and  the  upper  part  of  limestone  and  shale.  In  the 
north-east  these  beds  dip  below  the  Permians  of  the  Eden 
Yallej,  but  are  brought  up  again  by  the  great  Pennine 
fault  already  mentioned. 

In  the  Isle  of  Man  the  limestone  series  is  diYisible  into 
three  groups :  ^  1,  a  lower  group,  weathering  to  a  yellowish 
brown ;  2,  a  middle  group  of  massive  white  limestones ; 
3,  an  upper  group  of  black  limestones  and  shales,  with 
black  calcareous  tfagstones  and  beds  of  volcanic  ash  ;  these 
contain  Posidonomya  Becheri  and  P.  lUeralis,  and  other 
marine  fossils  associated  with  ferns  and  Calamites.  It  is 
clearly  identical  with  the  black  limestone  group  of  Flint- 
shire.    No  higher  beds  occur  in  the  island. 

Millstone  Grit. — The  grits  and  shales,  with  thin 
coals,  at  Hesket  Newmarket  probably  belong  to  this 
division,  and  they  are  succeeded  by  the  Lower  CoaU 
Measures,  which  form  a  long  strip  running  from  Maryport 
to  Welton,  and  are  also  brought  up  by  faults  between 
Harrington  and  the  hills  north  of  Moresby.  They  contain 
only  tlun  coal-seams  of  inferior  quality. 

Middle  Coal-Measures. — These  are  represented  by 
measures  over  1,000  feet  thick,  containing  seven  workable 
coal-seams  at  Workington.  At  Whitehaven  the  same 
measures  are  covered  by  massive  red  sandstones  formerly 
referred  to  the  Permian,  but  now  regarded  as  Carboni- 
ferous, and  probably  corresponding  with  the  Eotherham 
rock  of  Yorkshire. 

7.  Scotland. 

The  Carboniferous  rocks  of  Scotland  lie  mainly  in  the 
wide  lowland  tract  which  intervenes  between  the  northern 

^  •*  G«ology  of  the  Isle  of  Man,'*  by  J.  Home,  <'  Trans.  Edin.  Oeol. 
Soc,"  Tol.  ii.  pari  iii. 
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and  southern  highlands,  and  is  drained  by  the  rivers  Forth 
and  Clyde.  Their  northern  boundary  line  leaves  the  Clyde 
near  Dumbarton,  and  passes  north-eastward  by  Stirlmg, 
Kinross,  and  Cupar,  to  St.  Andrew's  Bay  in  Fife;  the 
southern  boundary  ranges  in  a  parallel  direction  from 
Girvan  in  Ayrshire  to  Dunbar  in  Haddington. 

The  following  table,  for  which  I  am  indebted  to  Mr. 
Hugh  Miller,  gives  the  complete  succession  of  the  Carboni- 
ferous system  in  Scotland,  as  worked  out  by  the  Geological 
Survey,  with  their  probable  equivalents  in  North  Eng- 
land:— 

Classification  of  Scottish  Carboniferous  Rocks  with 
their  English  equivalents. 


Seotland.  ThickneM. 

Upper  or  Red  Coal-Measures  .  200-300 
[Gentle  unoonformity.] 

Lower  Coed- Measures    .     .    .    .1100 

^iillstone  Grit  Series      .     .     .     90-600 
'Upper  or  Limestone 

Group       .     .      600-1000 
Middle  Coal  and  Iron- 
stone Group  (**  Edge 
Coals")     .     .     .  400-600 
Lower  or  Limestone 

Group  .     .     .     .  200-400 
'  Upper    or    Cement- 
stone  Groun .    2000-3000 
(  Venr  rariable.) 
Lower  or  Ked  Sand- 
stone Group  .     .  50*2000 
(Very  variable.) 


Carboni- 
ferous 

Limestone ' 
Series. 


Calcifer- 
ous  Sand- 
stone 
Series. 


Northumberland. 
.     [Wanting.] 

!  Lower  Coal- 
Measures. 
Millstone  Grit. 


Greater  part 
of  the  Upper 
Limestone 
Series  (see 
p.  208). 


Lowest  part  of 
the  Upper  Lime- 
stone Series; 
<■  with  the  Lower 
Limestone  Series, 
including  the 
Basement  Beds. 


Carboniferous  Limestone  Series. — The  Scottish 
equivalents  of  this  series  present  a  totally  different  aspect 
from  the  Derbyshire,  and  even  from  the  Bemician  beds. 
The  series  is  divisible  into  five  well-marked  groups  in  the 
following  order : — 

5.  Upper  Limestone  group. 
4.  Edge  Coal  group, 
3.  Lower  Limestone  group, 
2.  Cement-stone  group, 
1.  Bed  Sandstone  group. 
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1.  Bed  Sandstone  Oroup, — As  already  mentioned,  there 
is  no  good  stratigraphical  base  to  the  Scottish  Carboni- 
ferous system.  In  Berwick  and  East  Lothian  the  (Geo- 
logical Survey  have  referred  the  lower  and  redder  portion 
of  the  basement  series  to  the  Upper  Old  Eed,  and  consider 
the  Carboniferous  system  to  begin  where  grey  and  white 
sandstones  first  come  in ;  but  it  is  very  probable  that  all 
the  so-called  Upper  Old  Eed  in  Berwick  and  Haddington  is 
of  Carboniferous  age/  and  in  later  memoirs  on  other  districts 
a  red  sandstone  group  is  admitted  below  the  Cement-stone 
group. 

In  the  Pentland  district  the  Liberton  conglomerate  lies 
at  the  base  of  the  system  (see  p.  153),  and  at  Kipp's  Hill 
similar  conglomerates  are  interstratified  with  red  sandstones 
and  a  seam  of  comstone,  and  overlain  by  pale  reddish 
white  sandstones,  with  beds  of  reddish  and  grey  clay  or 
marl. 

In  Lanarkshire,^  *'  It  is  interesting  to  observe  that  where 
the  Carboniferous  rocks  rest  upon  the  Old  Eed  Sandstone 
(i.e..  Lower  Old  Bed  Sandstone),  their  lowest  beds  consist 
of  conglomerate  made  up  from  the  waste  of  the  older  for- 
mation, and  that  these  conglomerates  continue  to  fringe 
the  Carboniferous  area,  while  the  strata  above  pass  quite 
away.  Hence,  in  this  continuous  band  of  conglomerate, 
one  portion  is  on  the  horizon  of  a  low  part  of  the  Calci- 
ferous  Sandstone  series,  while  another  portion  is  on  the 
horizon  of  some  of  the  higher  members  of  the  Carboni- 
ferous Limestone  series.  It  thus  brings  before  us  evidence 
of  shore  conditions  during  a  protracted  submergence  of  this 
area  in  Lower  Carboniferous  times." 

In  Benfrew,  Ayr,  and  Arran  red  sandstones  and  con- 
glomerates are  largely  developed  at  the  base  of  the  Car- 
boniferous system,  and  are  more  than  1,500  feet  thick,  as 
described  in  the  following  quotation  : — 

"  The  basement  group  of  red  sandstones  is  well  deve- 
loped at  Ardrossan  and  along  the  western  slopes  of  the 
hills  to  the  north  of  that  seaport.  Although  red  or  reddish 
grey  sandstone  is  the  prevailing  rock,  conglomerate  bands 

*  These  beds  lap  round  the  flanks  of  the  Lammermuir  Hills,  and  are 
from  1,500  to  2,000  feet  thick  (see  p.  152). 

*  "  Mem.  Geol.  Snrv.  of  Scotland,  Expl.  of  Sh.  15,"  p.  30. 
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also  occur,  particularly  as  the  rocks  are  followed  towards 
the  north.  In  these  conglomerates  the  prevalent  pebbles 
are  white  quartz,  and  as  both  the  number  and  size  of  these 
pebbles  increase  towards  the  north,  there  can  be  little 
doubt  that  they  have  been  derived  from  the  waste  of  the 
Highland  metamorphic  rocks.  The  sandstone  group  ex- 
tends northward  through  Eenf rewshire ;  it  is  found  like- 
wise in  Bute,  and  it  forms  the  basement  group  of  the 
southern  half  of  the  island  of  Arran,  besides  stretching  as 
a  narrow  strip  along  the  eastern  margin  of  the  northern 
half  of  the  island.  Its  thickness  cannot  be  accurately 
ascertained,  its  base  being  concealed  by  the  Firth  of  Clyde ; 
but  from  the  base  of  Kaim  Hill  to  the  sea-margin  at 
Fairlie,  it  cannot  be  less  than  1,500  feet."  * 

At  Corrie,  in  Arran,  a  band  of  marine  limestone,  crowded 
with  shells  of  Carboniferous  Limestone  species,  has  been 
discovered  deep  down  in  this  Bed  Sandstone  series.  Hence 
it  is  evident  *that  the  marine  Carboniferous  fauna  was 
already  in  existence  outside  the  area  where  conditions  con- 
tinued to  favour  the  formation  of  red  sandstones,  and  that 
to  separate  these  sandstones  from  the  Carboniferous  system 
would  be  contrary  to  direct  palaeontological  evidence.  It 
is  seldom,  as  Dr.  Geikie  remarks,  that  we  obtain  such  clear 
evidence  of  the  palaeontological  relations  between  forma- 
tions of  such  widely  different  lithological  types,  making  it 
certain  that  the  Carboniferous  fauna  was  establishing  itself 
at  this  early  period  outside  the  Arran  area,  and  was  ready 
to  spread  over  it  as  soon  as  conditions  became  favourable 
to  the  invasion. 

The  Carboniferous  rocks  of  the  Thomhill  Basin  in  Ayr- 
shire consist  of  the  following  series : — 

3.  Sandstones,  red,  grey,  and  white,  with  red  and  purple 
shales. 

2.  Bed  limestone  bands,  with  Carboniferous  limestone 
fossils. 

1.  Bed  and  reddish  grey  sandstones  and  shales. 

These  are  regarded  as  of  Lower  Calciferous  Sandstone 
age ;  at  Closebum  there  is  a  red  magnesian  limestone  four- 
teen feet  thick,  a  fact  which  connects  them  with  the  Corrie 

1  '<  Mem.  Qeol.  Survey  of  SootlaDd,  Expl.  of  ,^heet  22,"  p.  13. 
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series  of  Arran,  for  there  too  a  red  magnesian  limestone  is 
found  above  the  f ossilif erous  limestone. 

2.  Cement-stone  Group, — This  is  the  upper  stage  of  the 
Oalciferous  Sandstone  series  of  Scottish  geologists,  but 
is  admitted  by  Dr.  A.  Geikie  to  be  the  equivalent  of  the 
lower  part  of  the  English  Carboniferous  Limestone.  It 
consists  of  light-coloured  sandstones,  dark  shales,  thin 
limestones,  and  a  few  thin  seams  of  coal.  It  is  essentially 
a  freshwater  series,  the  principal  fossils  being  plants,  fish, 
and  freshwater  Crustacea  (Oyprids),  but  marine  bands  occur 
occasionally  containing  Discina  nitiday  Lingula  aquami- 
formisy  Orthoceraa  cylindraceum,  «fec.  In  Berwickshire  the 
lowest  marls  and  sandstones  contain  Lepidodendron  VeUheu 
mianum,  Cyclopteris  flaheUaia,  and  other  plants.  The  lime- 
stones in  the  lower'part  of  the  group  are  the  compact  cherty 
beds  known  as  ''cement-stones"  in  Midlothian.  In  the 
middle  of  the  group  is  a  more  important  bed,  the  Burdie- 
house  limestone,  which  is  of  very  variable  thickness,  some- 
times swelling  out  to  40  feet  or  70  feet,  and  elsewhere  thin- 
ning down  to  a  few  calcareous  bands,  with  intervening  shales ; 
in  many  places  it  is  chiefly  composed  of  the  small  bivalved 
crastacean  Leperditia  Oheni,  but  contains  many  other  fos- 
sils, notably  tiie  fish  Rhizodtie  Hibberti  and  Eurynotua  ere- 
fuUus,  and  the  plants  Sphenopteris  affi/nis,  Lepidodendron 
(and  Lepidogtrohvs)  variabilis.  Some  of  the  black  shales 
associated  with  this  limestone  are  of  the  kind  known  as 
"  oil  shale,"  and  yield  from  thirty  to  forty  gallons  of  petro- 
leum per  ton ;  I  am  informed,  indeed,  by  Mr.  H.  M.  Cadell, 
of  the  Geological  Survey,  that  some  of  these  shales  have 
yielded  as  much  as  eighty  gallons  per  ton,  besides  a  consider- 
able quantity  of  sulphate  of  ammonia  as  a  by-product. 
The  shales  now  sought  after  are  poorer  in  oil  but  richer  in 
ammonia,  some  of  the  Pumpherton  shales  yielding  as  much 
as  60  or  even  80  lbs.  per  ton.  In  Midlothian  the  Cement- 
stone  group  cannot  be  less  than  2,000  feet  thick. 

3.  Lower  Limestone  Group, — Near  Edinburgh  this  group 
has  a  thickness  of  400  feet  to  500  feet,  and  contains  three 
beds  of  limestone,  but  these  are  seldom  more  than  12  feet 
thick,  though  occasionally  swelling  out  to  30  feet,  and  in 
the  Bathgate  Hills  (Linlithgow)  to  70  or  80  feet.  In  Ayr- 
shire the  Hurlet,  or  Main  Limestone,  attains  a  thickness 
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of  100  feet.  Spirifer  trigonalU,  Productus  gigantetiSf  and 
P.  semireticulcUus  are  common  fossils,  and  in  some  places 
the  limestones  are  largely  composed  of  the  shelly  plates 
forming  the  arms  and  stems  of  Crinoids.  These  lime- 
stones are  interbedded  with  a  series  of  shales,  sandstones, 
and  coal-seams,  several  of  the  coals  being  immediately 
succeeded  by  a  limestone,  e.g.,  the  Hurlet  coal  and  lime- 
stone, as  if  there  had  been  times  when  the  shallow  lagoons 
and  swamps  were  suddenly  submerged  and  occupied  by 
marine  organisms. 

4.  Edge  Coal  Group. — This  is  a  shale  and  sandstone 
series,  and  it  includes  some  valuable  seams  of  coal,  iron- 
stone, and  oil-shale,  but  no  limestones.  In  Midlothian  its 
thickness  is  600  feet.  Some  of  the  beds  contain  marine 
shells,  others  are  full  of  terrestrial  plants,  showing  that 
the  gradual  submergence  which  was  in  progress  was  now 
and  then  counterbalanced  by  the  deposition  of  the  sedi- 
ment brought  down  in  such  quantity  by  rivers. 

5.  Upper  Limestone  Group. — This  is  also  about  600  feet  in 
Midlothian  ;  it  contains  three  bands  of  limestone  and  four 
seams  of  coal,  interstratified  with  sandstone,  shale,  and 
fireclay.  The  limestones  contain  the  same  fossils  as  those 
of  the  lower  group,  and  though  seldom  more  than  three  or 
four  feet  thick,  have  been  traced  over  an  area  of  at  least 
1,000  square  miles ;  thus  proving  to  us  that  the  physical 
conditions  of  the  period  were  very  uniform  over  very  large 
areas. 

Moorstone  Rock. — In  the  counties  of  Edinburgh, 
Fife,  and  Lanark,  the  Gamkirk  limestone  (which  is  the 
uppermost  of  the  limestone  bands  above  mentioned)  is 
succeeded  by  a  series  of  thick-bedded  pale  red  and  yellow 
sandstones,  with  interbeddings  of  shale.  These  beds  have 
also  been  termed  the  Eoslin  Sandstone,  and  correspond  to 
the  Millstone  Grit  of  England.  Westward,  in  Ayrshire, 
they  are  so  reduced  in  thickness  as  not  to  be  definitely 
separable. 

Coal-Measures. — The  measures  above  the  horizon  of 
the  Moorstone  rock  attain  their  greatest  development  in 
the  basin  of  the  Clyde,  where  they  are  about  1,300  feet 
thick ;  in  Fifeshire  their  thickness  is  much  less,  but  in 
Midlothian  they  are  again  about  1,200  feet  thick.     I  am 
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informed  by  Mr.  B.  N.  Peach,  of  the  Q^ological  Survey, 
that  the  mass  of  the  Scottish  Coal-measures  contains  a  flora 
which  is  identical  with  that  of  the  Lower  Coal-measures 
of  Northern  England,  and  that  the  Middle  Coal-measures 
appear  to  be  absent  in  Scotland.  The  series  consists  of 
grey  and  white  sandstones,  with  shales,  coals,  fireclays, 
and  ironstones,  ten  of  the  coal-seams  being  over  two  feet 
thick.  The  Upper  Coal-measures  consist  chiefly  of  red 
sandstones  and  clays,  with  a  band  of  "  Spirorbis  "  lime- 
stone in  Ayrshire ;  they  are  slightly  unconformable  to  the 
lower  measures,  and  overlap  them  so  as  to  rest  upon  the 
Lower  Limestone  series,  a  fact  which  may  account  for  the 
absence  of  the  Middle  Coal-measures. 

[While  these  pages  were  passing  through  the  press  I 
became  aware  of  the  conclusions  arrived  at  by  those  of  "my 
colleagues  who  had  surveyed  the  Carboniferous  districts  of 
Northumberland,  and  who  found  that  the  classification  of 
the  Carboniferous  Limestone  series  proposed  by  George 
Tate  *  in  1863  was  applicable  to  the  whole  Northumbrian 
area,  and  conveyed  a  better  idea  of  the  succession  than 
that  proposed  by  Professor  Lebour  at  a  later  date.'  Had  I 
been  previously  aware  of  this,  I  should  not  have  introduced 
the  term  Bemician  into  the  text. 

The  following  is  the  modification  of  Tate's  classification 
which  is  recognized  by  the  members  of  the  Geological 
Survey  as  applicable  to  the  Northumbrian  type  of  the 
Beries: — 

*  ♦*  Trans.  Tyneside  Field  Club  for  ISes.** 

*  Consult  Hugh  Miller  in  '*  Encyclopedia  Britannica  "  (9th  edition), 
trticle  "  Northumberland." 
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Series. 


350-1,200 


NOBTHTTMBBIAN   TyPE    OF   THE   CaSBOKIFBBOUS 

Limestone  Sebies. 

Divisions.  Thickness  in  feet, 

^  FeU-top  division  (between  tlie 
Millstone  Grit  and  tlie  zone  of 
the  Great  Limestone).  Sand- 
stones and  shales,  with  some 
coals,  and  one  or  more  beds  of 
marine  Hmestone      .... 

Calcareous  division  (from  Q-reat 
Limestone  to  base  of  Dun  or 
Eedesdale  Limestone).  Sand- 
stones and  shales,  with  coals, 
and  many  beds  of  marine 
limestone l,300-2,S0O 

Carbonaceous  division  (Scremers- 
tonBeds).  Strata  prevalently 
carbonaceous ;  limestones 
chiefly  thin,  many  of  them 
containing  carbonaceous  mat- , 
ter;  coals ,       800-2,500 

Tuedian  division, 

h.  Upper  Tuedian  or  Fell  Sand-i 
stone  group  (Tweedmouthi 
Simonside,  Harbottle,  and 
Bewcastle  Fells):  a  belt  ok 
massive  grits  with  green,  grey, 
and  reddish  shales ;  coals  rare 
and  thin 500-1,600 

a.  Lower  Tuedian  or  Cement- 
stone  group :  sandstones  and 
shales,  with  bands  of  cemei^i- 
stone  passing  into  limestorles 
near  Eothbury  and  Bewca»tle 

Basement  conglomerates  (Upper 
Old  Bed  Sandstone)      .     .     . 

Mr.  Hugh  Miller  informs  me  that  the  base  of  the  Car- 
bonaceous division  is  not  everywhere  well  defined,  other- 
wise the  whole  series  might  be  made  into  three  divisions^ 
the  two  upper  being  grouped  as  one  division.] 


Lower 

Limestone  < 

Series 


500-1,500 
0-   500 
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8.  Ireland. 


In  no  country  can  the  rocks  of  the  Carboniferous  system 
be  better  studied  than  in  Ireland.  They  occupy  fully  one- 
half  of  the  superficial  area  of  the  country,  the  whole  of  the 
great  central  plain,  which  stretches  completely  across  the 
island  from  east  to  west,  consisting  of  the  Carboniferous 
Limestone,  though  its  surface  is  often  covered  by  Pleisto- 
cene gravels.  The  lower  groups  of  the  system  emerge 
from  beneath  the  limestone  to  the  north  and  south,  while 
here  and  there  the  limestone  plain  supports  hills  of  low 
elevation  composed  of  the  Coal-measures ;  these  outliers 
are  the  sole  remnants  of  the  beds  which  once  spread  over 
the  limestone,  and  their  survival  is  due  to  the  circumstance 
of  their  lying  in  synclinal  troughs  or  basins ;  "  like  solitary 
columns  amidst  the  ruins  of  ancient  temples,  they  are 
monuments  of  the  decay  and  waste  which  has  reigned 
around."  * 

Northern  Counties. — Just  as  the  Scotch  Cambrian 
and  Silurian  rocks  strike  south-westerly  into  the  north  of 
Ireland,  so  also  do  rocks  of  the  Scotch  Carboniferous 
type.  A  series  similar  to  that  of  Ajrrshire  is  found  near 
Ballycastle,  in  Antrim,  and  consists  of  the  following 
groups: — 


p ,       p    1  (  R^^sh  and  grey  sandstones,  with 

JiiOge  uoa  i      g^aj^g  of  coal  and  black-band  iron- 

Se"**-  (stone 

Limestone  (  Calcareous  shales,  with  two  beds  of 

Series.  \      compact  argillaceous  limestone 

p         .  r  Eed  and    yellow    sandstones,  with 

^'^^  I      beds  of  shale  and  a  quartzose  con- 

/i   ^^  I      glomerate  at  the  base,  resting  upon 

^'^^P-  mica-schist 


Feet. 


240 


55 


1,000 


The  diminished  thickness  of  the  Limestone  series  is 
worthy  of  note,  especially  as,  when  the  Carboniferous  rocks 
are  again  seen  in  Tyrone  to  the  south-west,  the  Carboni- 


n. 


1  Hull,  *'  Physical  Gbology  of  IreUnd,"  p.  153. 
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ferous  Limestone  has  a  massive  development,  and  the 
whole  series  there  exposed  resembles  the  more  normal  type 
of  central  England.  The  succession  in  Tyrone,  Fermanagh, 
and  Leitrim  may  be  summarized  as  follows : — 

Feet. 

6.  Middle  Coal-measures,  with  good  coal- 
seams     930 

5.  Oannister  Measures,  grits  and  shales, 

with  a  few  coal-seams  and  ironstones     1,000 

4.  Millstone  Grit,  coarse  quartzose  grits .        200 

3.  Yoredale  Beds,  black  shales  and  thin 

limestones 600 

2.  Carboniferous    Limestone,    in    three 

stages 2,600 

1.  Yellow  Sandstone       ....        e*>00 
Base  not  seen 


6,830 


The  great  Limestone  Series  (No.  2)  is  divisible  into  four 
stages — 1,  the  upper  limestone  with  nodules  of  chert,  500 
feet ;  2,  the  Calp  Series,  composed  of  carbonaceous  shales 
("calp")  with  earthy  limestones  and  a  central  bed  of 
sandstone,  1,200  feet;  3,  the  Lower  Limestone,  compact  and 
often  dolomitic,  800  feet ;  4,  the  Lower  Limestone  Shale, 
100  feet,  which  graduates  by  alternations  of  shale  and 
sandstone  into  the  basement  beds  (Yellow  Sandstone). 

The  Tyrone  coalfield  is  the  most  important  in  Ireland, 
and  contains  twenty-four  coal-seams,  of  which  ten  are  now 
worked. 

Central  Plain. — The  Carboniferous  Limestone  emerg- 
ing from  beneath  the  higher  measures  stretches  southward 
in  gentle  undulations  over  the  vast  tract  of  country  which 
forms  the  central  plain  of  Ireland.  At  the  same  time  the 
group  exhibits-  a  lithological  change  similar  to  that  obser- 
vable in  England,  namely,  a  diminution  of  the  mechanical 
sediments  and  an  increase  of  calcareous  matter  as  it  is 
followed  southward,  till  in  Clare,  Tipperary,  and  Queen's 
County  it  becomes  a  solid  mass  of  limestone,  estimated  at 
more  than  3,000  feet  in  thickness.  This  is  one  of  the  largest 
limestone  aggregates  to  be  found  anywhere  in  the  world;  its 
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general  character  is  a  compact  fine-grained  grej  limestone, 
sometimes  dark,  sometimes  light  grej,  sometimes  mottled 
with  red  streaks  or  bands,  the  beds  so  marked  being 
quarried  for  omamentol  marbles. 

In  the  hills'  of  Burren,  co.  Clare,  the  upper  part  of  the 
limestone  is  magnificently  developed,  and  is  thus  described 
by  Mr.  Jukes :  ^ — 

"A  range  of  hills,  rather  more  than  a  thousand  feet  in 
height,  sweep  for  about  twenty  miles  along  the  south  side 
of  Gkdway  Bay.  They  are  formed  entirely  of  bare  rock 
from  the  sea-level  to  the  hill- tops,  the  only  soil  being  found 
in  crevices  of  the  rock,  or  in  patches  in  the  hollows  of  the 
▼alleys.  This  rock  is  all  limestone,  in  regular  beds,  which 
dip  gently  to  the  south,  at  an  angle  of  1|  degrees  only,  and 
counting  from  the  lowest  bed  that  rises  out  on  the  sea- 
shore to  the  uppermost,  which  caps  the  summit  of  the  hills 
three  or  four  miles  to  the  southward,  there  must  be  a 
thickness  of  at  least  1,600  to  1,700  feet  of  solid  limestone 
shown  here. 

"  Terraces  of  twenty  yards  in  breadth  have  been  worn 
here  and  there  on  the  top  of  some  particular  bed,  and  may  be 
talked  along  for  many  miles  round  the  sides  of  the  hills 
and  valleys,  which  resemble  great  stairs  or  vast  amphi- 
theatres. They  are  not,  however,  very  easy  to  traverse, 
since  the  rocks  are  so  cut  by  several  systems  of  joints,  and 
those  joints  are  so  worn  and  opened  by  the  action  of 
weather,  that  each  exposed  bed  is  cut  into  blocks  by  deep 
fissures,  and  the  uppermost  blocks  are  often  loose  and 
tottering,  and  worn  into  rough  knobs  and  holes  by  the 
mechanical  and  chemical  action  of  the  weather. 

**  The  upper  part  of  the  limestone  thus  admirably  exposed 
m  this  hill  country  forms  probably  about  half  the  whole 
formation,  the  lower  portion  spresuling  to  the  east  over  a 
low  country,  from  beneath  which  the  Old  Bed  Sandstone 
rises  gently  out  on  to  the  hills  called  Slieve  Boughta." 

According  to  Mr.  Kinahan,  the  upper  limestones  include 
two  cherty  zones,  and  represent  both  the  upper  limestone 
and  the  Calp  series  of  Ulster,  and  the  limestone  below  is 
characterized  by  an  abundance  of  Fenestella  flahellata.  He 
gives  the  succession  as  follows : — 

^  <'  Manual  of  Gsology,"  second  edition,  p.  512. 
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Upper 
Limestone. 


Lower 

Limestone 

group. 

O.  E.  S. 


'Bedded   limestone,  with   chert 
layers  . 

Cherty  zone 

Black  limestone  and  shale,  with 

a  cherty  zone     . 
"  Fenestella  limestone . 

Lower  cherty  zone    . 

Lower  shaly  limestones 

Lower  limestone  shale 

Basal  sandstones 


Feet. 

1,500 
40 

400 
300 
100 
400 
150 
1,000 

3,890 


This  great  mass  of  limestone  supports  outlying  tracts  of 
the  TTpper  Carboniferous  groups  in  Leinster  and  in  Clare, 
the  general  section  of  these  being  as  follows  (see  fig.  43) : — 

Upper  Coal-measures  (absent  in  Leinster). 
Middle  Coal-measures  (700-800  feet). 
Lower  Coal-measures  (500-900  feet). 
Flagstone  group.  Millstone  Grit  (70-200  feet). 
Yoredale  Shales  (about  500  feet). 

South  Counties. — ^As  above  mentioned,  the  lowermost 
beds  again  emerge  from  beneath  the  limestone  towards 
the  south  in  the  counties  of  Tipperary,  Waterford,  and 
Kilkenny.    They  consist  in  descending  order  of  dark  shales 
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Fig.  42.    Section  through  part  of  Tipperary. 

OM .  Goal-measnres.  ess.  Red  and  Yellow  Sandstones. 

CL.  Carb.  limestone.  s.  Silurian. 

F.  SlieTenamnck 'Fault.  \ 

which  pass  downward  by  alternation  into  beds  of  yellow 
and  greenish  sandstone  (just  as  in  South  Wales).    At 
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Eiltorcan  Hill,  in  Kilkenny,  these  yellow  sandstones  have 
yielded  fine  impressions  of  ferns  and  other  fossils ;  they 
are  followed  conformably  by  red  sandstones  and  shales  like 
the  Upper  Old  Eed  Sandstone  of  Wales,  which  rest  uncon- 
formably  upon  the  older  (Silurian)  rocks ;  see  fig.  42, 
which  shows  the  repetition  of  the  whole  series  by  the  great 
Slievenamuck  fault.  These  beds  were  described  on  p.  160, 
but  are  in  all  probability  the  basement  beds  of  the  Carbo- 
niferous system. 

When  the  Carboniferous  rocks  are  traced  to  the  south- 
west  through  Cork  and  Kerry  a  still  greater  and  much 
more  sudden  change  takes  place  in  the  constitution  of  the 
system.  This  consists  in  the  introduction  of  what  appears 
to  be  a  distinct  group  of  shales  and  slates  between  the 
Yellow  Sandstone  and  the  Carboniferous  Limestone,  and  to 
which  Sir  E.  Griffith  gave  the  name  of  Carboniferous  Slate, 
This  group  of  beds  has  derived  special  importance  from  its 
bearing  on  the  Devonian  question,  and  the  whole  subject 
is  so  associated  with  the  name  of  Jukes,  that  it  would  be 
idle  to  attempt  a  better  exposition  of  the  interest  attaching 
to  the  Carboniferous  Slate  than  is  contained  in  Mr.  Jukes' 
own  description  quoted  below. ^ 

"  If  we  draw  a  parallel  of  latitude  through  the  towns  of 
Kenmare,  Macroom,  and  Cork,  the  great  development  of 
Carboniferous  Slate  lies  wholly  south  of  that  line.  If  we 
examine  the  neighbourhood  of  the  city  of  Cork  itself,  we 
find  the  Old  Red  Sandstone  with  plants  in  its  upper  beds, 
and  a  very  short  distance  above  that  we  get  solid  Carboni- 
ferous limestone,  with  some  black  shales  or  slates  between 
the  two,  but  not  more  than  200  or  300  feet  in  thickness. 
Passing  southwards  to  the  mouth  of  the  harbour  of  Monks- 
town  or  Queenstown,  and  then  by  Carrigaline  and  Cool- 
more,  these  intermediate  black  slates  or  shales  thicken  to 
2,000  or  3,000  feet,  still  having  the  Old  Eed  below  and  the 
Carboniferous  limestone  above;  but  going  still  further 
south  by  Eingabella  to  Kinsale,  the  dark  grey  slates  and 
grey  grits  thicken  rapidly  to  6,000  or  6,000  feet,  and  are 
nowhere  covered  by  any  part  of  the  Carboniferous  lime- 
•  stone,  though  they  show  here  and  there  highly  calcareous 
bands. 

^  '<  Manual  of  Geology »"  second  edition,  p.  510. 
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"The  whole  of  the  rocks  are  thrown  into  numerous 
anticlinal  and  synclinal  curves,  over  many  interrupted 
axes  which  strike  very  steadily  from  E.N.E.  to  W.S.W. ; 
and  the  headlands  and  bays  along  the  south  coast  of  Cork 
exhibit  numerous  transverse  sections  across  the  beds,  so 
that  no  mistake  can  be  made  respecting  the  facts.  On 
tracing  the  beds  roimd  the  entrance  of  Bantry  Bay,  and 
into  the  trough  of  Kenmare  Bay,  we  find  the  Carboniferous 
Slate  in  the  hollow  of  the  synclinal  as  far  as  Sneem  and 
Clonee.  Beyond  these  points,  however,  the  beds  of  [Old] 
Sed  Sandstone,  which  dip  beneath  the  waters  of  the  bay 
from  each  side,  seem  to  close  more  together  and  exclude 
the  Carboniferous  Slate,  and  when  the  head  of  the  bay  is 
reached,  the  flat  land  is  composed  of  solid  limestone,  with 
a  thickness  of  not  more  than  one  hundred  feet  of  shales 
and  grits  between  the  base  of  the  Carboniferous  Limestone 
and  the  top  of  the  Old  Bed  Sandstone." 

8. 
Aidnagashel. 


Lough  More. 


Cobdaff. 


N. 


Fig.  45.    Section  near  Glengariff  (Jukea).    Distance  about  2  J  miles. 

t.   Black  slates  with  calcareous  bands.  ^ 

i.  Black  and  grey  slates.  Carboniferous 

c.   Coomhola  grits,  greenish-grey  grits  with  "        Slate. 

black  and  grey  slates ;  marine  fossils.       ^ 
h.  Greenish -grey  grits  with  green  and  purple  | 

slates,  and  occasional  cornstones;  the  only  I     Glengariff 

fossils  are  fragments  of  plants.  \         Grit 

a.  Glengariff  grits,  massive  green  and  purple  I        Series. 

grits,  wiUi  thin  bands  of  purple  slate.       J 

Kenmare  is  not  more  than  ten  miles  from  GlengarifE,  so 
that  within  that  distance  the  series  changes  from  the  type 
shown  in  fig.  42  to  that  illustrated  by  fig.  45. 

Now  the  question  naturally  arises, — what  part  of  the 
Carboniferous  series  do  these  slates  and  grits  represent? 
Although  they  appear  to  fit  in  wedgewise  between  the 
Yellow  Sandstone  and  the  Carboniferous  Limestone,  yet  the 
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probability  is  that  they  correspond  to  much  more  than  the 
Lower  Limestone  Shale.  At  Whiddy  Island,  at  the  head 
of  Bantry  Bay,  there  are  black  shales  containing  Posido^ 
nomya  Bech&ri  and  P.  membranaceay  the  characteristic 
species  of  the  Yoredale  Beds,  and  it  is  therefore  highly 
probable  that  the  Carboniferous  Slate  is  absolutely  contem- 
poraneous with  the  whole  of  the  Carboniferous  Inmestone, 
the  lower  and  upper  parts  of  that  formation  passing  late- 
rally into  shales  just  as  its  middle  part  does  to  the  north- 
ward. We  may  therefore  regard  the  Carboniferous  Slate 
as  representing  the  whole  of  this  limestone  and  its  under- 
lying shale,  or  strata  amounting  to  a  thickness  of  2,600 
feet  in  the  northern  part  of  Ireland ;  such  in  fact  was  Mr. 
Jukes'  opinion. 

This  will  partly  account  for  the  small  thickness  of  shale 
at  Kenmare,  the  limestone  there  replacing  the  higher  beds 
of  shale.  Professor  Hull,  however,  oelieves  that  this  rapid 
thinning  out  is  mainly  due  to  the  proximity  of  a  coast- 
line, and  maintains  that  the  Carboniferous  Slate  has  here 
overlapped  the  Coomhola  Grit  group  and  the  Upper  Old 
Bed  Sandstone  so  as  to  rest  directly  upon  the  G-lengariS 
Grit  series. 


9.  Devokshibe. 

This  area  has  been  left  till  the  last  because  Mr.  Jukes 
always  maintained  that  the  key  to  the  complicated  struc- 
ture of  Devonshire  was  to  be  f  oimd  in  the  south  of  Ireland, 
and  that  the  comparative  age  of  the  Devonian  rocks  could 
only  be  ascertained  by  the  light  of  experience  gained  in 
Cork  and  Kerry.  In  this  he  was  doubtless  correct,  and 
though  the  actual  hypothesis  which  he  proposed  to  explain 
the  structure  of  North  Devon  may  not  seem  warranted 
by  the  facts  so  far  as  they  are  at  present  known,  yet  he  was 
certainly  able  to  identify  some  of  the  Devonian  rocks  with 
the  Irish  strata,  and  thus  to  indicate  their  true  place  in  the 
geological  scale,  detaching  them  from  the  Devonian  system, 
with  which  they  had  previously  been  grouped. 

The  Carboniferous  Series  of  Devonshire  may  be  sum- 
marized and  correlated  as  follows : — 
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Devon. 
Upper  Calm-Measures. 
Middle 


Lower 


*» 


*( 


}) 


*( 


/ 


Ireland. 
Lower  C.  M. 
Millstone  Grit. 


Pilton  and  Barnstaple  Beds. 
Baggy  and  Marwood  Beds. 


Upper      Limestone 
1      and  Calp  Shales. 

!  Lower  Limestone  and 
Carb.  Slate. 

Coomhola  Grits. 


Briitol. 
Lower  C.  M. 
Millstone  Grit. 
"I  Upper      Lime- 
h     stone        and 
J      Shales. 
Lower       Lime- 
stone and  Shale. 
Upper      O.R.S 
(part). 


The  Bagg^  Beds  consist  of  green  slates  in  whicli  a 
species  of  Lingvla  is  the  commonest  fossil  and  brown  mica- 
ceous sandstones  containing  CucuUcea  Hardingii,  The 
junction  of  the  green  slates  with  the  red  slates  of  the 
Pickwell  Down  beds  may  be  seen  on  the  coast.  The  brown 
(Marwood)  sandstones  are  sometimes  called  the  Cucullcea 
zone,  but  Mr.  Ussher*  states  that  the  green  slates  are  the 
more  persistent  stratigraphical  horizon.  Lepidodendron 
and  Catamites  have  been  found  in  the  sandstone  at  Siolj, 
with  Lingula  mola  and  Avicula  Damnoniensis, 

The  Pilton  Group  consists  of  bluish  grey  slates  with 
thin  seams  of  calcareous  matter  and  thick  beds  of  grit  or 
sandstone  at  several  horizons.  These  beds  extend  through 
the  towns  of  Croydon,  Braunton,  Pilton,  Barnstaple,  and 
Dolverton ;  thej  contain,  amongst  other  fossils,  Phacops 
loiifronSf  Spirifera  Barumensis,  Strophalotna  caperata.  Am- 
cfdopecten  sp.  They  pass  upwards  into  the  Culm-measures 
so  completely  that  the  line  of  division  must  be  purely  palse- 
ontological.  In  South  Devon  and  Cornwall  they  appear  to 
be  absent,  and  the  Culm-measures  are  said  to  rest  uncon- 
formably  on  the  red  slates  of  the  Upper  Devonian. 

Lower  Culm-Measures. — These  consist  of  black 
shales  with  lenticular  beds  of  black  limestone  in  the  upper 
part.  These  beds  seem  to  correspond  with  the  black  lime- 
stone and  shale  group  of  North  Wales,  and  consequently 
to  the  Yoredale  Beds  of  other  districts.  The  commonest 
fossils  are  Poaidonomya  Becheri  and  OoniaiUes  (O*  ere* 
nidria  and  mixolohus).  In  the  lower  shales  of  Waddon 
fiarton,  near  Chudleigh,  some  interesting  fossils  have  lately 
been  found  by  Mr.  J.  E.  Lee  ;^  they  include  the  above  with 


»  "  GeoL  Mag.,"  Dec.  2,  vol.  viii.  p.  446. 

»  H.  Woodward  in  "  Geol.  Mag.,'^  Dec  3,  vol.  i.  p. 
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Orthoceras  striolaium,  Chonetes  restispina,  Spirifera  TJrii^ 
Avicula  lepida,  and  four  new  species  of  the  genus  Phillipsia. 
Dr.  Woodward  notices  the  similarity  of  this  fauna  to  that 
of  the  Culm-measures  of  Herbom  near  Dillenberg. 

Middle  Culm-Measures,  or  Coddon  Hill  series. — ^This 
consists  of  grej  and  black  shales  and  coarse  carbonaceous 
grits  with  seams  of  chert,  the  whole  about  1,500  feet  thick, 
and  probably  including  the  representative  of  the  Millstone 
Grit.  Near  Chudleigh,  Sedgwick  and  Murchison  noticed 
coarse  grits  passing  into  a  fine  conglomerate,  and  overlain 
by  thin-bedded  grey  sandstones. 

Upper  Culm-Measures. — This  is  a  sandstone  and  shale 
series  with  beds  of  ironstone  and  culm  (impure  anthracitic 
coal.  They  contain  Coal-measure  plants  and  are  similar  to 
the  anthracitic  portion  of  the  lower  Coal-measures  of  Pem- 
broke. No  higher  beds  than  these  have  yet  been  found  in 
Devon. 

Volcanic  Eocks. 

England. — In  Cornwall  and  Devon  the  lower  part  of 
the  Carboniferous  series  contains  sheets  of  trap  and  vol- 
canic ash,  similar  to  those  which  occur  in  the  underlying 
Devonian  series.  These  have  not  yet  been  carefully  exa- 
mined, with  the  exception  of  those  in  the  neighbourhood  of 
the  hill  called  Brent  Tor,  near  Tavistock.  This  well-known 
hill  appears  to  be  a  portion  of  an  actual  volcanic  cone, 
though  the  actual  crater  and  the  greater  part  of  the  cone 
have  been  demolished  by  repeated  detrition  and  erosion. 
The  present  hill  is  about  1,100  feet  high,  and  consists  of 
masses  of  devitrified  Ehyolite  and  Pitchstone,  with  some 
basalts  and  beds  of  volcanic  breccia,  the  two  first  being 
evidently  parts  of  ancient  lava-flows.^  In  the  country  sur- 
rounding the  Tor  beds  of  schistose  volcanic  ash  are  inter- 
bedded  with  the  Culm-measures ;  these  were  probably 
ejected  from  the  volcano  of  the  Tor,  which  must  have 
been  either  a  submarine  vent  or  a  volcanic  island. 

In  Shropshire,  near  Wellington,  the  Carboniferous  lime- 

^  Rutley,  "  The  Rocks  of  Brent  Tor,  Mem.  Geol.  Surv.,"  and  "  QaarU 
Joom.  Geol.  Soc.,*'  toI.  xxxvi.  p.  286. 
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stone  rests  upon  a  sheet  of  basalt  which  may  be  regarded 
as  being  of  Carboniferous  age. 

In  Staffordshire  the  Coal-measures  are  penetrated  by 
many  intrusive  dykes  and  sheets,  some  of  which  form  con- 
siderable surface  areas ;  these  intrusions  are  considered  by 
Mr.  Jukes  to  have  taken  place  during  the  deposition  of  the 
Upper  Coal-measures,^  for  he  found  ashy  sandstones,  i.e. 
sandstones  partly  formed  of  volcanic  ejectamenta  at  several 
horizons  from  400  to  900  feet  above  the  "  Thick  coal ; " 
moreover,  the  sheets  and  dykes  are  displaced  by  the  faults 
that  traverse  the  Coal-measures.  The  largest  mass  is  the 
columnar  basalt  of  the  Rowley  Hills,  which  is  between  200 
and  300  feet  thick,  and  forms  a  plateau  about  two  miles 
long  by  one  broad,  spreading  out  over  the  Coal-measures. 
Sheet-like  masses  of  green  trap  are  frequent  in  the  under- 
lying measures  from  the  base  of  the  Rowley  Hills  as  far  as 
Wolverhampton,  Bilston,  and  Bentley.  Barrow  Hill  (west 
of  Dudley)  and  Pouk  Hill,  near  Walsall,  appear  to  be  mas- 
sive lenticular  bosses  (possibly  laccolites,  see  vol.  i.,  p.  414) 
from  which  the  sheets  intruded  between  the  neighbouring 
measures  have  proceeded.  The  Titterstone  Clee  Hill  is 
capped  by  a  sheet  of  columnar  basalt,  which  has  preserved 
the  outlier  of  Coal-measures  underlying  it.* 

In  Derbyshire  several  truly  interbedded  sheets  of  trap 
occur  in  the  Carboniferous  Limestone,  and  are  locally  known 
as  toadstones,  probably  from  their  spotted  appearance. 
They  consist  of  a  basalt  which  is  sometimes  dark  and 
compact,  but  more  often  greenish,  earthy,  and  amygda- 
loidal ;  they  average  60  or  60  feet  in  thickness,  and  have 
been  traced  for  many  miles ;  they  are  sometimes  associated 
with  beds  of  green  and  purple  ash  or  tuff.  These  lavas 
appear  to  have  flowed  from  more  than  one  volcanic  vent, 
as  they  sometimes  thicken  in  opposite  directions. 

Beds  of  greenish  tuff  and  coarse  ash  occur  in  the  black 
limestone  group  of  the  Isle  of  Man  (see  p.  201),  and  the 
centre  of  eruption  appears  to  have  been  at  the  Stack  of 
Scarlet,  where  there  is  a  mass  of  agglomerate  with  a  cen- 
tral plug  of  diabasic  lava. 

^  "  South  Staff.  Coalfield,"  second  edition,  p.  248. 
'^  Murchison,  "  Siluria,"  fourth  edition,  p.  290. 
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Scotland. — The  lower  part  of  the  Carboniferous  system 
in  Scotland  is  full  of  such  striking  instances  of  volcanic 
activity  that  it  becomes  an  excellent  district  for  the  study 
of  such  phenomena.  The  most  persistent  zone  of  volcanic 
rocks,  says  Dr.  A.  Geikie,  is  that  which  succeeds  the  lower 
or  red  sandstone  group  of  the  Calciferous  Sandstone; 
"  great  sheets  of  porphyrites  with  interbedded  tuffs,  sand- 
stones and  conglomerates,  rise  in  broad  masses,  bed  above 
bed,  and  form  that  conspicuous  chain  of  terraced  heights 
which  stretches  from  near  Stirling  through  the  range  of 
the  Campsie,  Kilpatrick,  and  Benfrewshire  hills,  to  the 
banks  of  the  Irvine  in  Ayrshire,  and  thence  westwards  by 
the  Cumbrae  Islands  and  Bute  to  the  south  of  Arran." 

In  the  succeeding  periods  of  the  Cement-stone  and  Lime- 
stone groups  (seep. 206),  volcanic  outbursts  occurred  both 
in  the  western  and  eastern  districts  ;  Fife  and  the  Lothians 
seem  to  have  been  dotted  over  with  dozens  of  little  vol- 
canoes, which,  either  singly  or  in  groups,  ejected  lavas  and 
ashes  for  a  time,  and  then  became  inactive,  allowing  other 
similar  vents  to  form  and  take  up  the  role  of  action,  so  that 
the  district  must  at  the  time  have  presented  an  appearance 
like  that  of  Auvergne ;  and  now  the  Carboniferous  rocks 
are  intermingled  with  innumerable  small  sheets  of  basalt 
and  tuff,  and  are  pierced  by  intrusive  dykes  and  necks 
filled  with  volcanic  ash  or  basalt ;  but  there  are  nowhere 
such  extensive  and  massive  sheets  of  lava  as  occur  in  the 
underlying  and  older  groups. 

In  the  western  area,  however  (Ayrshire,  Renfrewshire, 
and  Dumbartonshire),  the  Cement-stone  group  is  mainly 
composed  of  volcanic  rocks,  successive  sheets  of  porphyrite 
often  making  aggregate  masses  of  great  thickness ;  exten- 
sive beds  of  tuff  and  agglomerate  also  occur,  especially  in 
the  northern  part  of  Ayrshire,  where  "  the  black-band  iron- 
stone appears  to  have  been  deposited  in  hollows  between 
mounds  and  cones  of  volcanic  tuff,  sometimes  600  feet 
high,  round  and  over  which  the  later  members  of  the 
Lower  Carboniferous  formation  were  deposited."  * 

In  the  eastern  area  volcanic  activity  continued  during  a 
still  later  part  of  the  Carboniferous  period. 

'  Arch.  Geikie  in  Jnkes*  **  Manual  of  Geology,"  p.  595 ;  see  alao 
"  Mem.  Geol.  Survey  of  Scotland,  Expl.  of  Sheet  22,**  p.  16. 
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Many  of  the  vents  from  which  these  tuffs  and  lavas 
were  ejected  can  still  be  indicated,  and  Dr.  A.  G^eikie  has 
distinguished  six  different  volcanic  districts  in  the  basin 
of  the  Forth,  viz.,  (1)  Haddington,  (2)  Edinburgh,  (3) 
Linlithgow,  (4)  Stirling,  (5)  West  Fife,  (6)  East  Fife. 

In  the  Haddington  district  many  old  vents  occur,  some 
filled  with  tuff  and  agglomerate,  others  with  lava;  the 
Bass  Bock,  North  Berwick  Law,  and  Traprain  Law  are  in- 
stances. The  oldest  lavas  are  augitic,  the  newer  are 
variously  coloured  porphyrites;  interstratified  tuffs  and 
agglomerates  are  frequent. 

The  Edinburgh  district  includes  the  volcanic  centres  of 
Arthur's  Seat  and  Craiglochart  Hill.  In  Linlithgow  there 
8^*8  many  half -destroyed  volcanic  cones,  and  the  Binns  Hill 
is  a  neck  or  stiunp  composed  mainly  of  fine  green  tuff. 

In  Stirlingshire  some  interesting  necks  occur,  those  of 
the  Fintry  Hills  having  central  hollows,  suggestive  of  the 
original  craters.  Near  Kilsyth  the  interstratified  volcanic 
material  is  1,000  feet  thick,  but  this  thins  away  north- 
eastward, and  disappears  near  Stirling  in  a  distance  of 
thirteen  miles. 

In  West  Fife  there  are  two  groups  of  volcanic  vents,  one 
forming  the  Saline  and  Cleish  Hills,  the  other  near  Burnt- 
island. Largo  Law  is  a  very  perfect  example  of  a  double 
cone,  each  composed  of  tuff  with  central  pipes  filled  with 
basalt.  Saline  Hill  has  a  similar  structure,  the  whole 
mass  resting  on  beds  belonging  to  the  Edge-coal  group, 
and  the  outer  tuffs  of  the  cone  dove-tailing  into  higher 
strata.  The  necks  of  East  Fife  were  noticed  in  the  first 
volume  (p.  396). 

Ireland. — County  Limerick  was  the  scene  of  powerful 
volcanic  disturbances, during  the  accumulation  of  the  Car- 
boniferous Limestone ;  some  enormous  masses  of  felstone, 
tuff,  and  conglomerate  being  included  in  the  limestone, 
ejected  probably  from  submarine  vents  which  may  some- 
times have  formed  temporary  volcanic  islands.  An  account 
of  these  rocks  has  been  given  in  the  earlier  volume  of  this 
work  (p.  402),  to  which  I  may  now  add  that  Professor  Hull 
distinguishes  two  epochs  of  eruption  in  the  Limerick  area, 
the  first  witnessing  the  extension  of  f  elspathic  lavas  and 
ashes,  while  the  second,  which  occurred  after  a  consider- 
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able  interval,  gave  birth  to  flows  of  basalt  and  augitic 
lavas. 

The  section,  fig.  44,  copied  by  permission  from  Professor 
Hull's  "  Physical  Geology  of  Ireland,"  illustrates  the  suc- 
cession of  materials  erupted  during  the  earlier  outburst. 


Physical  Geogbaphy. 

The  records  of  the  Carboniferous  period  being  more 
complete  than  those  of  earlier  times,  we  possess  more  cer- 
tain grounds  on  which  to  construct  a  geographical  picture 
or  map  of  the  British  Islands  during  its  earlier  stages,  and 
can  indicate  with  greater  certainty  the  changes  which  sub- 
sequently took  place. 

It  is  clear  that  the  period  was  ushered  in  by  the  break- 
ing up  and  partial  submergence  of  the  great  continent 
which  included  the  larger  part  of  Britain  during  the  pre- 
ceding (Devonian)  period.  The  movement  of  depression 
appears  to  have  extended  from  south-east  to  north-west,  and 
the  greatest  amount  of  subsidence  took  place  along  two 
troughs,  one  coinciding  roughly  with  the  gulf  in  which  the 
marine  Devonians  were  formed,  and  stretching  through  the 
south  of  England  and  Wales  into  Ireland — the  other  ex- 
tending through  Yorkshire,  Derbyshire,  and  Lancashire, 
outside  North  Wales  into  central  Ireland,  where  its  waters 
mingled  with  those  of.  the  southern  gulf. 

The  tract  of  land  between  these  two  gulfs  appears  to 
have  remained  in  the  form  of  a  large  island,  ridged  up  as 
it  were  between  the  two  axes  of  depression,  and  extenaing 
from  the  Wicklow  Hills  in  the  east  of  Ireland  across  the 
Irish  Sea,  through  Wales,  and  those  parts  of  Shropshire, 
Worcester,  Warwick,  and  Leicester,  where  we  have  seen 
that  the  Lower  Carboniferous  beds  are  entirely  wanting. 
More  or  less  of  this  island  was  above  water  during  the 
whole  of  the  Carboniferous  period,  though  its  eastern  por- 
tion seems  to  have  been  gradually  submerged  during  the 
deposition  of  the  Upper  Coal-measures. 

Another  island,  or  group  of  islands,  existed  further  to 
the  north,  comprising  the  southern  uplands  of  Scotland 
from  the  Cheviots  westward,  and  probably  extending  south- 
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west  into  the  north  of  Ireland.  The  Cambrian  and  Silurian 
rocks  of  the  Lake  District  were  also  land  in  Tuedian  times, 
though  whether  they  formed  a  separate  island,  or  were 
unit^  to  the  other  through  the  Isle  of  Man,  is  uncertain. 
Their  connection  with  the  similar  rocks  in  the  north  of  the 
Isle  of  Man  is,  at  any  rate,  very  probable ;  and  the  land  may 
haTe  stretched  westward  into  the  north-east  of  Ireland. 

It  is  probable,  however,  that  the  whole  of  the  Lake 
District  and  much  of  the  southern  uplands  of  Scotland 
were  submerged  beneath  the  waters  of  the  Carboniferous 
Limestone  Series ;  the  basal  conglomerates  gradually  creep- 
ing up  the  shores  of  the  Cumberland  mountains  till  they 
probably  stretched  completely  across  the  line  indicated  in 
Mr.  Qoodchild's  section  (fig.  13,  p.  96).  In  Berwickshire 
there  is  proof  that  the  eastern  promontory  of  the  ancient 
land  was  thus  submerged,  for  the  red  conglomerates  and 
sandstones  pass  completely  over  the  Ordovician  axis,  and 
it  is  evident  that  these  deposits  must  once  have  stretched 
over  a  large  part,  if  not  the  whole,  of  the  Lammermuir  chain. 

The  higher  and  central  part  of  the  Scottish  uplands  may, 
however,  have  remained  above  water  until  the  close  of 
Lower  Carboniferous  time,  but  it  was  probably  entirely 
submerged  during  the  formation  of  the  Coal-measures. 

The  area  of  Lake  Caledonia  on  the  north  was  of  course 
submerged,  but  never  to  any  great  depth,  and  the  persis- 
tent recurrence  of  shallow  water  conditions  in  the  Scotch 
Carboniferous  series  tempts  one  to  speculate  upon  the  con- 
version of  this  area  into  a  land-locked  gulf,  or  fiord,  cut  off 
by  the  ridge  above  mentioned  from  the  deeper  sea  that  lay 
to  the  southward  over  England  and  over  the  centre  and 
southern  part  of  Ireland,  and  only  united  to  it  by  a  narrow 
strait  in  the  north  of  Ireland. 

Continental  land  appears  to  have  existed  to  the  north- 
west, but  the  position  of  its  southern  coast-line  cannot  be 
indicated  with  any  precision ;  we  only  know  that  it  lay 
north  of  Morvem  in  Argyleshire,  and  thence  bent  south- 
ward to  the  north-west  of  Ireland,  passing  probably 
through  Donegal  and  the  western  parts  of  Mayo  and 
Galwav.  The  further  trend  of  this  coast  is  uncertain,  but 
the  promontories  of  south-west  Ireland  between  Brandon, 
Dmgle,  and  Kenmare  Bays  as  far  east  as  Killamey  were 
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above  water  at  this  time,  and  may  have  formed  a  rock]9 
promontory  projecting  eastward  from  the  main  coast-line. 
Professor  Hull  considers  that  this  was  part  of  the  coast-line 
of  a  vast  continent  which  stretched  southward  from  the 
Arctic  regions  and  occupied  the  place  of  what  is  now  the 
North  Atlantic  Ocean  (see  Frontispiece)  ;  its  eastern  and 
western  boundaries  touching  the  British  Isles  and  North 
America  respectively. 

South-west  of  Ireland  there  were  probably  straits  com- 
municating with  the  open  ocean  lying  to  the  south  of  this 
great  continent,  and  on  the  other  side  of  these  straits 
another  coast-line  ran  near,  or  perhaps  through  Cornwall 
to  the  north  of  France.  The  distribution  of  the  French  rocks 
prove  that  there  was  a  large  mass  of  land  in  France 
during  Lower  Carboniferous  times,  including  all  the  central 
and  northern  provinces,  while  the  extreme  north-east  of 
France,  together  with  Belgium,  formed  part  of  the  southern 
sea-trough  already  mentioned.  These  troughs  united 
eastward,^  and  formed  part  of  a  sea  which  stretched 
through  Germany  and  Poland  into  Russia,  where  there  are 
again  evidences  of  the  close  neighbourhood  of  land.  There 
was  land  also  to  the  north  in  Norway  and  Sweden,  while 
on  the  south  a  more  or  less  continuous  belt  of  land  seems 
to  have  extended  eastward  from  France  through  Switzer- 
land and  Austria  into  the  south  of  Russia.  Thus  the  sea 
in  which  our  Carboniferous  beds  were  deposited  was  not  an 
ocean  but  a  land-locked  sea,  comparable  to  the  Medi- 
terranean Sea  of  the  present  day,  and  communicating  with 
other  seas  and  oceans  by  means  of  one  or  more  narrow 
straits  like  the  Straits  of  Gibraltar. 

"This  Mediterranean  Sea,"  says  Professor  Green,^ "  had  a 
fringe  of  shallow  water  around  its  margin,  and  deep  depres- 
sions in  its  central  portion.  Bound  its  edges  deposits  were 
formed,  mainly  of  mud  and  sand,  though  every  now  and  then 
calcareous  animals  established  themselves  in  sufficient 
numbers  to  give  rise  to  beds  of  limestone.  At  a  certain 
distance  from  the  shore  all  the  sediment  sank  down  to  the 

^  Carboniferous  limestone  has  been  found  in  borings  beneath  North- 
ampton, see  *'  Quart.  Joum.  Geo!.  Soc.,"  toI.  xl.  p.  482. 

>  <<The  Yorkshire  Coal6eld/'  by  Green  and  Koaaell,  <<  Menu  Geol. 
Surrey,'*  p.  24. 
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^bottom,  and  beyond  this  limit  the  water  was  bright  and 
clear,  and  the  only  deposit  consisted  of  accumulations  of 
the  hard,  calcareous  parts  of  marine  animals  which  are 
now  pure  limestone. 

'*  ]ji  the  deep  hollows  the  deposits  of  limestone  reached 
a  great  thickness ;  over  the  ridges  which  parted  the  hollows 
it  was  not  so  thick.  This  will  explain  how  it  is  that  the 
Carboniferous  Limestone  shows  such  great  variations  in 
thickness  at  different  spots.  The  growth  of  the  limestone 
gradually  filled  up  the  deeper  parts  of  the  sea,  and  at  last 
the  area  became  as  shallow  throughout  as  it  had  been 
originally  only  at  its  edges.  The  mixed  deposits  of  sand- 
stone, shale,  and  impure  limestone,  which  had  at  first  been 
confined  to  the  neighbourhood  of  the  shore,  now  extended 
themselves  over  nearly  the  whole  marine  tract,  and  the 
deposition  of  the  Yoredale  rocks  began  (in  Britain).  At 
the  same  time  a  slow  sinking  of  the  sea-bottom  set  in, 
which  allowed  of  these  beds  being  piled  one  on  the  top  of 
another  to  a  considerable  thickness. 

"After  a  time  a  further  important  change  took  place. 
Either  by  the  outlets  becoming  blocked  up,  or  by  the 
upheaval  of  a  portion  of  the  bottom,  the  land-locked  area 
in  which  the  lower  marine  portion  of  the  Carboniferous 
rocks  was  deposited  became  cut  off  from  communicatioh 
with  the  open  ocean  on  the  (south)  west,  and  converted  into 
a  freshwater  lake  or  a  large  estuary  which  received  the 
waters  of  rivers  flowing  from  the  north,  east,  and  south.  In 
this  freshwater,  or  brackish  area,  the  Millstone  G-rit  and 
Coal-measures,  were  deposited.  The  water  was  never  very 
deep,  but  the  subsidence  which  had  begun  in  Yoredale  times 
went  on  during  the  deposition  of  the  beds  next  above,  and 
they  too,  in  consequence,  reach  a  great  thickness.  When 
the  water  was  at  its  shallowest,  currents  piled  up  banks  of 
sand,  or  drifted  coarse  materials  over  the  bottom,  and  shot 
them  down  into  hollows,  and  thus  formed  lenticular  beds 
of  sandstone,  or  washed  down  and  spread  out  pre-existing 
sandbanks,  and  gave  rise  to  more  r^ular  sandstone  beds. 
When  the  depth  was  greater,  only  fine  mud  was  brought 
into  the  water,  which  settled  down  into  more  r^ularly 
bedded  and  uniform  deposits  of  shale. 

"The  subsidence  wluch  allowed  of  the  growth  of  the 

u.  Q 
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mechanically-formed  deposits  did  not  go  on  without  inter- 
ruption. Every  now  and  then  a  pause  occurred,  and  when- 
ever this  happened,  the  water  became  filled  up,  and  there 
was  a  tendency  to  the  formation  of  low,  swampy  flats. 
Perhaps,  occasionally,  small  upheavals  helped  in  the  pro- 
duction of  this  result."  He  proceeds  to  point  out  that 
wherever  a  land  surface  was  formed,  vegetation  quickly 
sprang  up,  and  furnished  the  material  for  beds  of  coal. 
When  these  swampy  flats  were  a^in  submerged,  fresh 
deposits  of  mud  and  sand  covered  the  rich,  carbonaceous 
soil,  and  entombed  the  trees  and  plants  which  grew  in  it. 

Such,  according  to  Professor  Green,  is  a  brief  sketch  of 
the  submarine  changes  attendant  upon  the  gradual  depo- 
sition of  the  Carboniferous  ix)cks  of  Yorkshire,  and  it  is 
applicable  to  all  other  regions  where  a  similar  series  of 
beds  is  found.  As  far  as  the  earlier  members  of  this 
series  are  concerned,  there  is  nothing  very  remarkable  in 
their  mode  of  formation.  They  are  simply  masses  of 
limestone,  shale,  and  sandstone  which  can  be  paralleled  by 
similar  groups  in  other  geological  systems ;  but  Jbhe  upper 
members  have  been  accumulated  under  conditions  which 
have  been  much  less  frequently  repeated  during  geological 
time— conditions,  indeed,  which  have  never  prevailed  again 
in  the  European  area  to  the  same  extent  as  they  did  in  the 
Carboniferous  period.  It  will,  therefore,  be  worth  while 
to  describe  these  conditions  a  little  more  fully,  and  to 
see  what  conclusions  may  be  drawn  from  them  as  to  the 
general  state  of  physical  geography  towards  the  close  of 
this  long  period. 

We  have  seen  that  the  best  authorities  are  agreed  that 
the  coal-seams  are  land-growths,  but  that  their  materials 
were  accumulated  on  swampy  alluvial  tracts  which  were 
never  elevated  much  above  the  mean  level  of  the  sea.    We 
have  seen  also  what  a  wide  extension  the  Coal-measures  had 
over  the  British  area,  and  that  what  are  now  separate 
basins  or  coalfields  were  originally  connected  and  con« 
tinuous  areas.     But  this  great  development  of  Coal-m'^^ 
sures  is  by  no  means  peculiar  to  Britain;  coalfields 
found  in  many  parts  of  the  Continent,  notably  in  Prai 
Belgium,  Germany,  and  Russia,  everywljiere  presentic 
similar  aspect  and  a  similar  succession  of  measures,  mak 
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it  certain  that  they  belonged  to  one  natural  proTince  or 
geographical  area. 

We  must  Gonclnde,  therefore,  that  over  a  targe  part  of 
what  is  now  Europe  there  existed  vast  tracts  of  allurial 
land  but  little  above  the  aea-level,  the  conterminouB  deltas, 
in  fact,  of  the  rivers  which  drained  the  surrounding  land, 

SBt  as  Holland  is  the  conterminous  delta  of  the  Rhine, 
euse,  and  other  rivers.  It  is  as  if  an  area  as  lai^,  or 
larger,  than  that  covered  by  the  Mediterranean  Sea,  were 
alowt;  silted  up  and  converted  into  one  enormous  swamp. 
To  bring  about  such  a  result  there  must  have  been  many 
rivers  of  large  size  emptying  themselves  into  this  sea, 
rivers  comparable  to  the  Bbine,  the  Rhone,  the  Po,  and 
the  Vistula,  and  for  the  supply  of  such  rivers  the  sur- 
rounding continents  must  have  possessed  mountain  ranges 
comparable  to  those  of  Central  Europe,  and  must  have 
been  vratered  by  a  copious  rain&ll. 

Again,  although  the  area  of  deposition  was  constantly 
widened  by  subsidence,  yet  the  detritus  brought  down  from 
the  higher  to  the  lower  l^els  was  always  sufficient  to 
counterbalance  this  depression.  Further,  it  would  appear 
that  all  this  material  must  have  been  obtained  from  the 
■nrface  of  the  land,  and  transported  by  fluviatile  agencies, 
for  there  could  have  been  very  little  coast-erosion  round 
the  borders  of  this  land-locked  sea.'  Bain  and  frost  must 
therefore  have  been  constantly  at  work  on  the  surface  of 
these  continents,  disintegrating  and  dislodging  the  rocks  of 
■which  they  were  composed,  while  the  rivers  would  be 
chiefly  employed  in  carrying  off  the  detritus  so  prepared, 
f<»'  the  continued  depression  would  have  diminished  their 
erosive  capacity  in  accordance  with  the  principles  enun- 
ciated in  another  place.' 

The  student  will  remember  that  deposition  is  a  measure* 
I,  therefore,  in  this  enormous 
E  the  detrition  which  took 
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Now  the  time  necessary  for  the  progress  and  consumma- 
tion of  all  these  natural  operations  must  have  been  enor- 
mous, and  yet  the  changes  in  physical  geography  must 
have  been  so  slight  and  so  slow  throughout* this  great 
length  of  time  that  they  did  not  materially  alter  the  rela- 
tive positions  of  land  and  sea,  or  interrupt  the  process  of 
swamp  formation ;  this,  then,  is  the  peciiliar  and  remark- 
able point  in  Carboniferous  history  which  I  desire  to  im- 
press upon  the  reader's  mind,  that  the  latter  half  of  it  was  a 
period  of  internal  quiescence,  a  period  in  which  terrestrial 
disturbances  were  at  a  minimum,  and  consequently  when 
the  surface  agencies  of  change  were  able  to  continue  their 
course  of  action  to  a  greater  extent  than  usual. 

It  was  stated  in  Volume  I.  ("  Physical  Geology  "),  p.  134, 
that  if  these  surface  agencies  were  allowed  full  play,  and 
were  not  checked  or  balanced  by  terrestrial  movement, 
every  continent  would  gradually  be  reduced  in  height,  and 
worn  down  to  a  level  but  little  above  that  of  the  sea,  while 
the  surroimding  waters  .would  be  choked  and  shallowed  by 
the  materials  poured  into  them  from  the  wasting  land.  It 
would  appear,  therefore,  that  the  Carboniferous  was  a 
period  when  this  theoretical  result  was  more  nearly  ap- 
proached than  it  ever  has  been  before  or  since ;  when  the 
continents  were  gradually  lowered  by  the  combined  action 
of  detrition  and  depression,  the  area  of  high  ground  being 
continually  diminished,  but  the  area  of  low-lying,  swampy 
ground  at  or  about  the  sea-level  being  continually  in- 
creased. 

Such  a  condition  of  affairs  will  account  for  the  remark- 
able uniformity  of  life  which  prevailed  throughout  the 
Carboniferous  period,  a  fact  to  which  attention  was  called 
on  p.  168.  The  geographical  changes  being  so  slight,  and 
during  the  earlier  portion  of  the  period  consisting  chiefly 
in  an  extension  of  the  marine  areas  at  the  expense  of  the 
land,  we  may  suppose  that  the  seas  retained  their  same 
relative  positions  and  connections  throughout  an  enormous 
lapse  of  time,  and  that  the  denizens  of  these  seas  spreading 
far  and  wide  through  the  broadening  water-spaces  found 
everywhere  a  similarity  of  conditions  that  enabled  them  to 
flourish  and  survive  without  change  or  variation. 

Later  on,  when  the  seas  were  shallowed  by  the  continued 
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deposition  of  material  deriyed  from  the  oontinents,  and 
when  the  higher  land  was  everywhere  encircled  by  a  wide 
belt  of  low-lying  jungle  and  swampy  ground,  intersected 
bj  sluggish  water-ways  and  lagoons,  the  conditions  would 
be  exactly  those  where  nature  would  present  a  monotonous 
and  uniform  aspect,  and  where  the  plants  and  animals 
which  had  established  themselves  would  be  likely  to  main- 
tain their  existence  unchanged  so  long  as  the  same  con- 
ditions prevailed.  In  this  way  it  seems  possible  to  explain 
the  remarkable  persistence  of  life-forms  in  the  Carbonife- 
rous rocks  of  Europe,  and  to  account  for  the  phenomena 
presented  by  one  of  the  most  remarkable  periods  of  the 
world's  history. 


CHAPTER  Vn. 

Dtas    OB    Pbbmiak    Ststbk. 
Classifioation  and  Stjbdiyisioks. 

MUCH  controversy  has  recently  arisen  with  regard  to  the 
classification  of  the  rock-groups  which  intervene  be- 
tween the  Carboniferous  and  the  Jurassic  systems.  For- 
merly, and  up  to  1841,  the  whole  of  them  were  grouped 
together  under  the  name  of  New  Bed  Sandstone,  and  classed 
as  Mesozoic,  but  in  that  and  subsequent  years.  Sir  B.  L 
Murchison  advocated  their  separation  into  two  great  divi- 
sions, and,  relying  solely  on  the  Carboniferous  aJ^nities  of 
the  fossils  in  the  lower  division,  he  retained  that  in  the 
Palaeozoic  series,  and  regarded  the  upper  division  as  the 
base  of  the  Mesozoic  series.  At  the  same  time  he  named 
the  lower  rocks  ** Permian"  from  the  ancient  kingdom  of 
Permia  in  Bussia,  while  for  the  upper  rocks  the  German 
name  of  Trias  has  been  generally  employed. 

Although  the  name  Permian  has  lutherto  been  accepted 
in  England,  it  has  not  been  adopted  in  Germany,  for  the 
very  good  reason  that  Murchison' s  grouping  of  the  German 
rocks  was  in  opposition  to  the  views  then  held  by  German 
geologists,  and  has  since  been  proved  to  be  erroneous.  An- 
other name  has  been  gradually  coming  into  favour,  that  of 
Dyas  (from  Bvat,  duality),  proposed  by  M.  J.  Marcou  in 
1859,  and  designed  to  convey  the  idea  of  the  German  series 
being  everywhere  divisible  into  two  groups  (upper  and 
lower),  just  as  the  Trias  is  divisible  into  three  such  groups. 
This  name  is  now  generally  used  on  the  Continent,  and 
though  not  altogether  a  good  one,  is  certainly  better  than 
"  Permian,"  which  is  connected  with  too  many  errors  for 
general  adoption. 

The  question  as  to  whether  Murchison  was  justified  in 
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separating  the  two  series  so  widely  as  to  refer  one  to 
Palseozoic,  and  the  other  to  Mesozoic  time,  is  one  upon 
which  much  difEerence  of  opinion  exists,  and  about  which 
it  is  perhaps  unnecessary  to  decide.  Although  there  can 
be  no  question  about  the  Palaeozoic  affinities  of  the  fossils 
found  in  the  Dyassic  rocks,  yet,  on  the  other  hand,  there 
is  ample  proof  that  the  physical  break  between  the  Car- 
boniferous and  the  Dyas  was  considerable,  and  that  great 
changes  in  the  physical  geography  of  the  world  took  place 
in  the  interval.  I  have,  therefore,  preferred  to  regard  the 
Dyassic  rocks  as  formed  during  a  period  of  transition  from 
the  one  order  of  things  to  the  other,  and  therefore  as  be- 
longing to  neither. 

If  I  were  compelled  to  draw  a  hard  and  fast  line  between 
the  Palaeozoic  and  Mesozoic  divisions  of  time,  and  to  be 
guided  entirely  by  palseontological  considerations,  I  should 
doubtless  follow  Murchison  in  retaining  the  Dyas  in  the 
Palaeozoic,  and  in  commencing  the  Mesozoic  with  the 
Trias.  But  although  inclined  to  give  full  weight  to  the 
evidence  derived  from  fossils,  I  cannot  but  acknowledge 
the  influence  which  must  have  been  exercised  by  the 
peculiar  geographical  conditions  which  prevailed  in  the 
North-European  area  at  this  period  (see  p.  251).  The 
Carboniferous  sea  was  broken  up,  and  large  portions  of  it 
were  rapidly  isolated  in  a  manner  which  prevented  the 
gradual  introduction  of  a  new  fauna.  Could  we  really 
expect  the  fauna  of  the  Northern  Dyas  to  be  any  other 
than  it  is — a  dwindled  and  modified  remnant  of  Car- 
boniferous life ;  and  this  assemblage  would  naturally  re- 
main in  possession  until  submergence  allowed  another  to 
take  its  place.  No  such  depression,  however,  occurred  till 
the  middle  of  what  we  call  Triassic  time ;  but  it  is  probable 
that  in  more  southern  seas  the  differentiation  of  life- forms 
was  rapidly  progressing  through  all  Dyassic  time,  and  that 
the  changes  were  in  the  direction  of  the  marine  Muschelkalk 
fauna. 

I  would  admit,  therefore,  that  there  may  be  exceptions 
to  the  principle  of  classifying  by  palaeontological  evidence, 
and  that  we  must  in  each  case  have  regard  to  the  special 
conditions  which  may  have  affected  the  f aima  of  the  pro- 
vince under  examination. 
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Again,  while  the  importance  of  the  stratigraphical  break 
between  the  Carboniferous  and  Dyas  is  not  to  be  minimized, 
yet  I  cannot  range  myself  at  present  with  those  who  advo- 
cate the  union  of  the  Dyas  and  Trias  into  one  system, 
because  it  is  equally  impossible  to  ignore  two  prominent 
facts — (1)  the  extreme  difference  in  the  marine  faunas 
(however  caused),  (2)  the  existence  of  a  well-marked  un- 
conformity between  the  two  formations,  both  in  England 
and  Germany. 

The  real  fact  is,  that  the  Dyassic  system  of  these  two 
countries  is  marked  off  by  decided  unconformities,  both 
from  the  rocks  below  and  from  those  above,  the  greater 
break  being  at  its  base.  Under  these  circumstances,  and 
while  admitting  that  good  reason  may  be  found  in  the 
future  for  uniting  the  Dyas  and  Trias  into  one  system  ^ 
(under  some  such  name  as  Mercian),  I  content  myself 
with  stating  the  facts  and  keeping  them  separate  for  the 
present. 

The  Dyassic  rocks  vary  so  greatly  in  different  districts, 
both  in  Germany  and  Britain,  and  there  is  still  so  much 
doubt  with  respect  to  the  inclusion  or  exclusion  of  certain 
beds  both  at  the  base  and  the  summit  of  the  system,  that 
it  is  impossible  at  present  to  establish  any  classification 
that  is  generally  applicable. 

In  Germany,  however,  where  the  rocks  are  typically 
developed,  they  fall  naturally  into  two  groups,  as  below : 

2.  Magnesian  Limestones  (Zechstein), 
1.  Eed  Sandstones  (Rothe-liegende), 

and  the  same  Dyassic  arrangement  is  found  in  some  parts 
of  Britain,  though  in  other  parts  the  system  is  represented 
either  wholly  by  magnesian  limestone  with  a  base  of  marly 
shale,  or  entirely  by  red  sandstones  and  calcareous  breccias. 
There  is,  however,  no  proof  that  the  red  rocks  are  as  a 
whole  older  than  the  limestones,  and  the  notion  of  their 
being  so  is  a  mere  assumption  founded  on  their  lithological 

*  **  The  further  investigation  of  both  the  Alpine  and  Russian  series 
seems  thus  far  to  indicate  that  in  these  regions  we  may  find  the  transi- 
tion series  which  we  know  (on  d  priori  grounds)  mus^  exist,  or  hare 
existed,  somewhere/* — A.  Irving  m  "Q«)l.  Mag.,"  Dec.  2,  vol.  ix. 
p.  498. 
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-similarity  to  the  German  Bothe-liegende.     This  question 
will  be  referred  to  again  hereafter. 


Life  op  the  Period. 

The  fauna  of  the  Dyas  is  a  survival  of  the  Carboniferous, 
the  majority  of  the  fossils  belonging  to  Carboniferous 
genera,  though  mixed  with  these  are  a  few  which  may  be 
considered  the  precursors  of  Mesozoic  types ;  these  latter 
are  all  Lamellibranchs,  which  are  proportionally  more 
numerous  than  in  earlier  periods,  this  also  foreshadowing 
the  numerical  importance  which  they  attain  in  Mesozoic 
times.  Gasteropods  are  limited  to  a  few  genera,  and  the 
individuals  are  rare  and  small,  as  if  dwarfed  by  the  con- 
ditions under  which  they  lived.  Cephalopods  have  almost 
disappeared,  a  few  Nautihi8  and  Orthoceraa  only  surviving. 
No  Crustacea  of  any  kind  have  yet  been  discovered,  and 
of  the  ancient  order  of  Trilobites  there  is  no  representative. 
Of  Corals  and  Echinederms  there  are  very  few,  but  Polyzoa 
are  not  imcommon. 

Brachiopods  belonging  to  the  genera  Camarophoria,  Pro- 
ductus,  Spirifera,  and  Strophalosia  are  abundant. 

Pish  are  well  represented,  the  principal  genera  being 
Acrolepis,  Palceoniacus,  Flatyaomus,  Amblypterus,  and  Py- 
gopterus. 

Amphibia  seem  also  to  have  flourished,  Labyrinthodont 
footprints  being  not  uncommon,  and  bones  are  occasionally 
met  with,  referred  to  Lepidotosaurus  and  Zygosaurus, 

The  Marl  Slate  and  Kupf  erschief  er  jield  remains  of  the 
earhest  Lacertian  Reptile  (Proterosaurus)  which  has  yet 
been  found  in  Europe. 

The  fossils  are  chiefly  found  in  the  Zechstein  and  Marl 
Slate,  and  the  following  are  some  of  the  most  characteristic 
fossils  of  the  English  and  German  Dyas. 

Piante.— Neuropteris  Huttoniana,  Odontopteris  obtusi- 
loba,  Callipteris  conferta,  Calamites  gigas,  Walchia  pini- 
formis,  W.  hypnoides. 

Polyzoa, — Fenestella  plebeia,  Synocladia  virgulacea. 

Brachiopoda.  —  Camarophoria  crumena  (Schlotheimi), 
Strophalosia  lamellosa,  Producta  horrida. 
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LameUibranche. — Avicula  (Mopotis)  apeluncaria,  Plearo- 
phoruB  coHtatus,  BakevelUa  antiqna,  AxinuB  (Schizodns) 
tmncatiiB,  A.  Schlotheimi. 

G'luferopoda. — Loxonema  fasciatum,  MacrocheiluB  sym- 
metricuB,  Pleurotomaria  antrina.  Turbo  mancunienaiB. 

C^halopoda. — Nautilus  FrieBlebeni. 

Fuk. — PlatjsomuB  striatue,  FalsoniecaB  comptus,  P. 
macropomus,  lygopteruB  mandibularis,  Acrolepia  Sedg- 
wickii,  Ainb1jpt«ruH  macropterus. 

Amphibia. — Lepldotosaurus  Dnffii,  Dacycepa  Bucklandi. 

B^tHia. — ProteroeauruB  Speneri. 


F%.  4fi.    Wakhik  hrpnoidei.  Marl  Slate,  Gennui;. 


Banqz  and  Rklation  to  Roceb  below. 

Except  in  the  north-eaBt  of  England  the  Dyassic  rocks 
occur  only  in  fragmentary  etrips  and  patcheB  along  the 
borders  of  the  Coal-measure  basins.  This  disconnected 
mode  of  occurrence  is  partly  due  to  the  overstepping  of  the 
Trias,  under  which  many  areas  of  Dyas  are  buried  and 
concealed,  and  partly  of  course  to  the  remoTal  of  lai^ 
portions  by  eroBion.  Their  limitatioQ,  hovever,  to  certain 
districts  and  their  entire  absence  in  the  south  of  Englaod 
are  facts  due  to  the  conditions  under  which  they  were 
originally  deposited;  these  conditions  will  be  described 
on  a  future  p^e. 

The  most  southerly  point  to  which  they  have  been  traced 
is  at  the  northern  end  of  the  Malrem  TTilla,  They  border 
parts  of  the  Worcester,  Shropshire,  StafEordshire  and  Den- 


Fig.  46.     Djtuic  Fo«ilt. 


.  Loxonema  liudatiim. 


d,  CuDKTuphoria  ScUoCheinii,        4.  Macrocbeilua  syDiinatriciu. 
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bighshire  coalfields,  and  isolated  patches  are  found  at  inter- 
vals through  Lancashire  and  Westmoreland,  in  the  valley 
of  the  Eden  and  in  the  south-west  of  Scotland.  Through- 
out this  range  they  are  generally  unconformable  to  the 
Carboniferous  rocks,  the  amount  of  material  removed  be- 
fore their  deposition  being  least  in  Denbigh  and  greatest 
in  Cumberlajid,  where  they  overstep  the  edges  of  the  Coal- 
measures  and  Millstone  Grit  so  as  to  rest  upon  the  Car- 
boniferous Limestone. 

In  the  east  of  England  the  Dyas  forms  a  continuous 
strip  bordering  the  Carboniferous  tract  from  Sunderland 
southward  to  Nottingham ;  along  this  line  it  everywhere 
rests  on  the  upturned  edges  of  the  imderlying  rocks,  and 
the  unconformity  is  plainly  visible  on  any  geological  map 
which  shows  the  Coal-measure  basins.  Its  eastward  sub- 
terranean extension  is  very  interesting,  several  borings 
recently  made  far  to  the  east  of  its  outcrop  showing  that 
it  maintains  its  thickness  in  that  direction,  while  south- 
ward it  thins  out  against  a  shore-line  of  Palaeozoic  rocks, 
and  is  consequently  absent  in  the  boring  atOwthorpe  (south- 
east of  Nottingham),  where  Trias  rests  on  Carboniferous. 

An  outlying  tract  of  rocks  supposed  to  be  of  Dyassic 
age  occurs  in  connection  with  the  Warwickshire  coalfield, 
but  here  the  discordance  is  very  slight,  and  it  is  by  no 
means  certain  that  the  beds  are  rightly  referred  to  the  Dyas 
iuid  are  not  rather  part  of  the  TTpper  Coal-measures,  in 
which  series  slight  discordances  and  surfaces  of  erosion  are 
known  to  exist  elsewhere. 

In  Scotland  Dyassic  rocks  are  only  f oimd  in  the  extreme 
south-west,  and  in  Ireland  they  are  confined  to  the  extreme 
north-east ;  the  waters  in  which  they  were  formed  never 
having  extended  far  over  either  of  these  countries. 

As  the  most  complete  sequence  is  to  be  found  in  the 
north-east  of  England,  it  will  be  convenient  to  describe 
this  first  as  a  l^pical  area,  with  which  the  others  may  be 
more  or  less  fully  compared. 
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Stbatiobapht. 
1.  North-Eastern  Counties. 

Dyassic  rocks  occupj  the  coast-line  of  Northumberland 
and  Durham  from  Tynemouth  to  Hartlepool,  and  their 
base  can  be  followed  inland  from  South  Shields  to  Auck- 
land and  the  valley  of  the  Tees.  Where  the  beds  are  fully 
exposed,  the  succession  is  as  follows  : — 

Feet. 
§  g  r  Yellow  concretionary  limestone     .         .       200 

'Sol  Brecciated  limestone,  with  fossils  .  .  150 
§  S  I  Compact  limestone  ....  200 
3^.S  (  Brown  calcareous  shale  ("  Marl  Slate  ")  3 

S  ^     Friable  yellow  sand  from      .         .         .  0  to  96 


649 


The  red  and  yellow  sandstones  with  plants,  formerly  con- 
sidered as  the  base  of  the  Byas,  are  now  known  to  belong 
to  the  Carboniferous  system. 

Although  their  strike  is  at  first  nearly  in  accordance 
with  that  of  the  underlying  Coal-measures,  yet  they  do 
not  participate  in  the  anticlinal  flexures  which  give  an 
east  and  west  strike  to  these  measures  in  South  Durham. 
Near  the  valley  of  the  Tees  the  Dyas  oversteps  the  Coal- 
measures,  and  rests  on  the  Millstone  Grit;  at  the  same 
time  the  greater  part  of  it  is  overlapped  by  the  Triassic 
sandstone,  the  width  of  the  tract  occupied  by  the  Magne- 
sian  Limestone  being  gradually  diminished,  till  between 
the  valleys  of  the  Tees  and  the  Ouse  only  a  narrow  strip 
of  it  remains  between  the  Trias  and  the  Carboniferous 
rocks,  and  this  is  hidden  by  superficial  deposits. 

Near  Bedale  in  Yorkshire  the  overlap  lessens  again,  and 
the  Dyas  extends  southward  in  a  broader  strip  between 
the  Carboniferous  and  the  Trias  as  far  as  Nottingham, 
for  a  distance  of  nearly  ninety  miles.  In  Yorkshire,  near 
Pontefract  and  elsewhere,  the  Upper  Limestone  becomes 
thinner,  but  the  marl  slates  are  thicker  than  in  Durham, 
and  sometimes  rest  on  white  and  yellow  sands,  which  in 
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turn  rest  on  an  eroded  surface  of  red  marls  and  sand- 
stones belonging  to  the  Upper  Coal-measures  (see  p.  196). 
In  South  Yorkshire  the  succession  may  be  summarized 

as  follows  :  ^ — 

Feet 

50 
60 
30 
150 
120 
15 
10 


Upper  red  marls 

Upper  (Brotherton)  limestone 

Middle  red  marls 

Middle  limestone,  thick-bedded 

Lower  limestone 

Blue  limestones  and  shales 

Quicksands  and  breccia    . 


435 


Traced  southward  into  Nottinghamshire,  the  Upper 
Limestone  thins  southward  and  is  at  the  same  time  over- 
lapped by  the  Trias,  so  that  the  thickness  of  the  Djas  at 
its  outcrop  is  Teiy  much  diminished,  being  as  follows : — 


Middle  marls  and  sandstones 
Magnesian  limestone  (Lower) 
Marl  slates 


Feet 
20  to  30 
60  to  70 
30  to  50 


Eastward  below  the  Trias  the  limestone  maintains  its 
thickness,  and  the  marl  slates  thicken  to  100  and  200  feet, 
but  southward  near  Eimberlej  the  limestone  passes  into 
a  yellow  calcareous  sandstone  about  thirty  feet  thick,  resting 
on  fifteen  to  twenty  feet  of  shaly  marl,  with  a  few  feet  of 
coarse  breccia  at  the  base.^ .  This  diminution  in  thickness 
is  evidently  an  indication  that  we  are  in  this  direction 
approaching  the  southern  shore  of  the  Dyassic  sea.  The 
breccia  contains  angidar  fragments  of  sandstone  and  shale 
derived  from  the  Coal-measures  on  which  it  rests,  together 
with  pebbles  of  slate,  quartz,  and  quartzite,  and  it  is  not 
unlikely  that  these  were  derived  from  a  northerly  prolon- 
gation of  the  Chamwood  Forest  rocks. 

North  of  Nottingham  the  Triassic   sandstones   sweep 

'  See  E.  Wilson  on  *' Permian  Formation,  Midland  Nat.,"  toI.  ir. 
'  For  details  consult  the  "  Oeology  of  the  Country  round  Nottingham, 
Geol.  Surrey  Memoir,"  by  W.  T.  Areline,  p.  12. 
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southward  across  the  Djas,  and  westward  up  the  valley  of 
the  Trent,  concealing  all  the  underlying  rocks. 

We  may  here  notice  several  borings  made  in  recent 
years,  which  give  us  some  information  regarding  the  cha- 
racter  of  the  formation  in  its  eastward  subterranean  ex- 
tension. 

Near  Middlesbrough,  in  Yorkshire,  two  borings  were 
made,  in  1862  and  1874  respectively,  through  the  Tnas,  and 
into  the  uppermost  Dyassic  beds,  consisting  of  magnesian 
limestone  with  Axinus,  underlain  by  a  remarkable  series 
of  beds  which  are  not  found  anywhere  along  the  outcrop. 
The  following  is  an  abstract  of  the  borings : — 


Surface  and  glacial  deposits 

Triassic  marls  and  sandstones 

Bock  salt  (and  gypsum  in  II.) 

Magnesian  limestone 

Grey  limestone 

Gypsum,  rock  salt,  and  marl 


Another  more  complete  and  interesting  section  of  the 
Dyas  is  furnished  by  the  boring  at  South  Scarle,  near 
Newark.  In  the  following  account  I  follow  Mr.  E.  Wilson, 
who  carefully  examined  the  cores,  and  has  supplied  the 

most  accurate  description  of  the  beds. 

Ft.  In. 
Surface  gravel  and  drift 21  0 


I, 
43 

n. 

77 

.  1,163 

1,060 

.   100 

134 

7 

62 

15 

27 

1,313 

1,355 

Lower  Lias  clay  and  limestone 
Siuetic  shales 


qy.         (  Keuper  marls  and  sandstones 
'    1  Bunter  sandstones 


34  0 

45  0 

866  0 

564  0 

(Upper  marls 88  6 
Upper  limestone 40  6 
Middle  marls 141  0 
Lower  limestene 26  0 
Marl  slates  (shales  and  dolomites)  .  193  0 
Carboniferous  red  marls 10  0 

2,029  0 


[^ 
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2.  Midland  Counties, 

A  few  small  patches  of  red  marl,  with  beds  of  breccia, 
occur  at  several  places  round  the  Leicestershire  coalfield, 
but  their  thickness  is  always  small,  and  it  is  not  at  all 
certain  that  they  belong  to  the  Dyassic  series.  When  the 
Dyas  decidedly  sets  in  again  to  the  south  of  the  Warwick- 
slure  coalfield,  it  exhibits  a  very  different  f acies  from  that 
of  the  north-eastern  counties.  It  consists  here  of  red, 
brown,  and  purple  sandstones,  with  red  marls,  and  occa- 
sional beds  of  calcareous  breccia  or  conglomerate,  the 
whole  reaching  a  thickness  of  nearly  2,000  feet.  These 
beds  occupy  a  considerable  area  to  the  north  and  south  of 
Coventry,  and  generally  conform  to  the  strike  of  the  Upper 
Coal-measures,  but  slightly  overlap  the  Spirorbis  limestone 
in  one  or  two  places.  The  only  fossils  yet  found  are  plants 
of  Carboniferous  genera,  an  obscure  shell  like  StrophaUma 
and  bones  of  Lepvdotoaaurus.  In  the  breccia  at  Exhall  frag- 
ments  of  Silurian  sandstone  (?  Llandovery)  and  of  Car- 
boniferous limestone  were  found. 

Dyassic  rocks  flank  the  South  Staffordshire  coalfield  on 
the  east  and  west,  and  extend  southward  to  form  the  hilly 
tract  of  ground  known  as  the  Clent  and  Lickey  Hills.  The 
highest  part  of  these  hills  consists  of  coarse  breccia,  which 
includes  large  angular  boulders  of  various  older  rocks — 
Silurian  sandstone,  limestone,  slates,  and  many  fragments 
of  f elstone,  greenstone,  and  felspathic  ash.  This  breccia  is 
about  400  feet  thick,  and  rests  upon  beds  of  red  and 
purple  sandstone,  with  bands  of  concretionary  limestone, 
undistinguishable  from  the  comstones  of  the  Old  Bed 
Sandstone.  This  lower  group  is  from  600  to  700^  feet 
thick,  and  conforms  to  the  dip  of  the  Upper  Coal-measures 
(see  section,  fig.  55,  p.  274).  The  breccia  is  overlapped 
northwards  by  the  Trias,  but  strips  of  the  sandstones 
varying  in  breadth  are  faulted  against  the  Coal-measures 
on  either  side  of  the  coalfield  extending  to  Great  Barr  on 
the  east  and  to  Essington  Wood  on  the  west. 

*  It  was  formerly  supposed  to  be  1,500  feet  thick,  but  the  lower  parts 
are  certainly  Upper  Coal-measures,  and  the  true  base  of  the  Dyas  has. 
not  been  fixed. 
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In  North  Staffordshire  a  series  of  red  and  purple  sand- 
stones, marls,  and  comstones,  similar  to  those  above  de- 
scribed, forms  a  long  tract  along  the  southern  margin  of 
the  coalfield  from  Audley  on  the  north-west  by  Madelej 
Keel  and  l^ewcastle  to  Bai'laston,  near  Stone.  They  rest 
with  a  slight  discordance  upon  the  Upper  Coal-measures, 
and  are  covered  unconformably  by  the  Bunter  conglome- 
rates. Their  total  thickness  appears  to  be  from  600  to  700 
feet ;  they  evidently  represent  only  the  lower  group  of  the 
South  Staffordshire  series,  and  may  properly  belong  to  the 
Coal-measures. 

Dipping  westward  from  the  South  Staffordshire  coalfield 
beneath  the  Trias,  the  Dyassic  Beds  emerge  again  on  the 
eastern  side  of  the  Shropshire  coalfield,  where  the  best  and 
most  complete  sections  of  the  Midland  series  are  to  be 
found.  Yig,  49,  p.  242,  represents  the  section  at  Enville, 
near  Bridgnorth,  where  Professor  Hull  describes  the  fol- 
lowing succession: — 

Feet. 

Upper.  Brown  and  purple  sandstones  and  red 

marls    .         .         .         .         .         .       400 

(  Breccia  of  felspathic  trap,  syenite,  &c.     60  to  120 
Middle.  -<  Sandstone   and  marl,  with   beds  of 

(      calcareous  conglomerate        .         .     80  to  120 
Lower.  Brown  and  purple  sandstones  and  red 

marls 800 

These  beds  form  a  strip  some  ten  miles  in  length  along 
the  eastern  side  of  the  coalfield,  and  rest  with  a  slight 
overlap  upon  the  Upper  Coal-measures.  Their  former  ex- 
tension to  the  west  and  south  is  attested  by  a  series  of 
small  outliers.  At  Wars  Hill,  near  Kidderminster,  a 
patch  of  breccia,  imderlain  by  brown  sandstone  and  marl, 
with  a  bed  of  calcareous  conglomerate,  rests  on  the  up- 
turned Lower  Coal-measures,  close  to  their  junction  with 
the  Old  Red  Sandstone.  At  Church  Hill,  in  Worcester- 
shire, a  patch  of  similar  breccia  rests  directly  on  the  same 
measures;  the  fragments  composing  this  breccia  are  very 
large  and  angular,  and  can  be  identified  with  rocks  of 
Cambrian  and  Silurian  age  lying  to  the  north-west.    Small 
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outliers  of  the  breccia  occur  on  Woodbury  iand  Abberley 
Hills,  where  thej  rest  on  the  truncated  edges  of  Silurian 
rocks,  and  the  most  southerly  patch  is  that  on  Berrow  Hill, 
at  the  southern  end  of  the  Malvern  range,  and  resting  on 
Silurian  rocks. 

A  strip  of  Dyas  runs  along  the  northern  side  of  the 
Shrewsbury  coalfield,  the  series  resembling  that  of  the 
Bridgnorth  area,  and  being  about  1,000  feet  thick.  At 
Allberbury  and  Cardeston  there  are  thick  beds  of  calcareous 
breccia  and  conglomerate,  in  part  dolomitic,  and  nearly  400 
feet  in  thickness.  This  breccia  consists  principally  of 
fragments  of  limestone  embedded  in  a  red^sh  sandy  cal- 
careous matrix ;  some  of  them  are  apparently  derired  from 
the  Carboniferous  Limestone,  and  some  from  the  Spirorbis 
Limestone  of  the  Upper  Coal-measures ;  pebbles  of  white 
quartz,  slate,  and  chert  also  occur.  The  underlying  beds, 
consisting  of  red  marls  and  brown  calcareous  sandstones, 
attain  a  thickness  of  about  750  feet. 

Passing  to  North  Wales,  we  find  the  Dyas  overlapped  by 
the  Trias  in  the  Severn  vjjilley,  east  of  the  Breidden  Hills, 
but  it  sets  in  again  along  the  eastern  margin  of  the  Den- 
bighshire coalfield,  and  extends  from  near  Oswestry  to  Gres- 
ford,  where  it  is  once  more  overlapped  and  concealed  by 
the  Trias.  Good  sections  are  found  in  the  banks  of  the 
Bee,  which  crosses  the  middle  of  the  tract ;  here  it  suc- 
ceeds the  red  and  green  series  of  the  Upper  Coal-measures 
without  any  apparent  unconformity,  and  consists  of  red  and 
purple  sandstones,  interstratified  with  thick  beds  of  red 
marl ;  a  few  bands  of  comstone  or  earthy  limestone  also 
occur,  but  there  is  a  complete  absence  of  conglomerates  and 
breccias,  although  the  total  thickness  seen  is  about  1,500 
feet. 

It  is  interesting  to  find  a  narrow  strip  of  Dyassic  beds 
aooompanying  the  Coal-measures  in  Anglesea ;  they  consist 
of  red  marls,  sandstones,  and  conglomerates,  and  are  about 
4M  feet  in  thickness. 
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3.  North-Westem  Counties, 


Lancashire. — Crossing  the  Cheshire  plains    to    the 
neighbourhood  of    Stockport   and    Manchester,  we  find 
Djassic  rocks  again  setting  in  along  the  margin  of  the 
Lancashire  coalfield.     The  sedimentary  type  is  here  diffe- 
rent from  both  of  those  already  examined,  and  is  to  some 
extent  of  an  intermediate  character  between  the  limestone 
type  of  the  North-east  and  the  arenaceous  facies  of  the 
Midlands.     Moreover,  near  Bushton  Spencer,  about  half- 
way between  Audley  and  Stockport,  there  is  an  interesting 
little  outlier,  consisting  of  red  and  mottled  sandstones, 
with  partings  of  red  sandy  marl,  overlain  by  red  and  white 
marls,  which  are  succeeded  by  the  Triassic  pebble  beds; 
the  whole  lying  in  a  synclinal  trough  in  the  valley  of  the 
Dane.      Li  mineral  diaracter  these  beds  resemble  the 
Lancashire  type  more  than  that  of  North  Staffordshire; 
their  thickness  is  about  80  feet. 

The  Lancashire  beds  commence  near  the  village  of  Poyn- 
ton,  south  of  Stockport,  and  extend  northward  between 
Ashton  and  Manchester,  curving  round  westward  with  the 
trend  of  the  coalfield,  and  though  broken  by  faults  they 
are  traceable  as  far  as  Leigh  and  Wigan. 

Near  Stockport  they  are  separable  into  two  groups — (1) 
a  lower,  consisting  of  soft  bright  red  and  variegated  sand- 
stones, estimated  at  some  1,500  feet  in  thickness ;  (2)  an 
upper,  composed  of  red  marls,  with  some  beds  of  hard 
stone,  130  feet.  The  latter  are  only  seen  in  faulted  strips 
to  the  west  of  Stockport,  being  overLeipped  eastward  by  the 
Trias.  The  same  series  is  found  near  Manchester,  where 
the  lower  beds  are  sometimes  called  the  Collyhurst  sand- 
stone ;  their  thickness,  however,  is  much  less,  varying  from 
375  feet  on  the  east  to  only  20  and  12  on  the  west  of  Salford. 
The  upper  group  consists  of  marls  and  limestones,  with  a 
maximum  thickness  of  250  feet,  and  these  beds  have 
yielded  fossils  of  Magnesian  Limestone  types. 

Near  Wigan  an  interesting  section  is  exposed  in  the  sides 
of  a  dell  called  Skillaw  Clough ;  this  has  a  still  greater  re- 
semblance to  the  North-eastern  type,  and  is  as  follows :— 
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Feet. 

Yellow  magnesian  limestone         ...       6 
Bed  and  purple  shales  .30 

Soft  red  and  brown  sandstones  .         .60 

Small  outlying  patches  of  Djas  have  been  found  in 
several  parts  of  North  Lancashire,  serving  to  show  that 
they  had  originally  a  continuous  extension  over  the  county; 
larger  tracts  occur  near  Lindale,  on  the  northern  shore  of 
Morecambe  Bay,  and  again  from  Ulverston  to  Eampside 
in  the  Fumess  promontory. 

Cumberland. — The  tracts  last-mentioned  lead  on  to 
the  strip  of  Permian  which  borders  the  Cumberland  coast 
from  the  estuary  of  the  Duddon  to  St.  Bees'  Head.  The 
beds  forming  this  tract  are  described  as  follows : — 

Feet. 

Eed  sandstones  of  St.  Bees         .        .         .  600 

Bed  and  green  marls,  with  gypsum    .         .  30 

Magnesian  limestone,  with  fossils       .  11 

Breccia  of  limestone  fragments  ...  3 
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The  breccia  rests  on  an  eroded  surface  of  the  purple  White- 
haven sandstone,  which  was  formerly  regarded  as  a  mem- 
ber of  the  Dyassic  system,  but  is  now  referred  to  the 
Carboniferous. 

A  still  larger  area  of  Dyassic  deposits  is  preserved  in  the 
broad  valley  of  the  Eden,  extending  from  Kirby  Stephen, 
in  Westmoreland,  by  Appleby  and  Penrith,  to  Longtown, 
north  of  Carlisle,  and  westwards  to  the  sea  at  AUonby. 
On  the  east  it  is  bounded  by  the  great  Pennine  fault,  and 
on  the  west  also  it  is  faulted  for  some  distance  against  the 
Carboniferous  Limestone.  Everywhere  the  Dyas  rests  un- 
conformably  on  the  Carboniferous,  and  it  attains  a  much 
greater  thickness  than  in  any  other  district;  red  sand- 
stones and  breccia,  consisting  of  limestone  pebbles  em- 
bedded in  a  sandy  matrix  (locally  called  brockrama),  are 
the  most  prominent  members  of  the  series. 

At  Hilton  Beck,  near  Appleby,  the  following  section  was 
measured  bv  Mr.  Qoodchild : — 
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Feet. 

St.  Bees  sandstone  ^ 500 

Bed  shales .250 

Magnesian  limestone,  with  shales  and  im- 
pure eoal        ......       55 

Lenticular  breccias,  with  red  sandstone       .     150 
False-bedded  red  sandstone        .  300 

Lower  breccias  (brockrams)        .        .  100 


1,355 


All  these  beds  thicken  considerably  towards  the  north,  and 
resolve  themselves  into  two  massive  sandstone  formations, 
separated  by  a  zone  of  red  shales ;  thus  between  South- 
waite  and  Newbiggin  (seven  miles  south  of  Carlisle)  we 
have  the  following  series,  according  to  Mr.  Goodchild  : — 

Feet. 
St.  Bees  sandstone     .         .         .     1,500  to  2,000 
Bed  shales  .        .         .         .       400  to     500 

Penrith  sandstone       .         .         .  1,000 


2,900  to  3,500 


These  Dyassic  sandstones  have  a  bright  brick-red  tint» 
the  Penrith  being  rather  lighter  and  brighter  than  the  St. 
Bees  rock.  Both  are  therefore  easily  distinguishable  from 
the  purple-grey  sandstones  of  the  Upper  Coal-measures, 
which  were  included  with  the  Penrith  sandstones  before 
the  country  was  mapped  by  the  officers  of  the  Geological 
Survey .*  In  the  north  of  the  county  the  St.  Bees  sand- 
stone, with  a  brecciated  base,  rests  directly  on  these  purple 
Carboniferous  sandstones. 


4.  Scotland, 

Deposits  of  Dyassic  age  only  occur  in  the  south-west  of 
Scotland,  and  here  the  sedimentary  type  is  again  entirely 

^  It  has  recently  been  suggested  that  the  St.  Bees  sandstone  is  really 
of  Triassic  age,  and  that  the  Dyassic  series  terminates  with  the  red 
shales. 

'  See  a  paper  by  T.  V.  Holmes,  "  Proc.  Qeol.  Assoc,"  vol.  vii.  No.  7. 
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arenaceous,  without  any  intercalation  of  magnesian  lime- 
stone. 

Sandstones  and  breccias,  similar  to  those  of  Cumberlajid, 
occur  in  the  south  of  Dumfriesshire,  occupying  several 
separate  basins,  one  extending  from  the  mouth  of  the 
Nith,  by  Dumfries  to  Friar's  Oarse,  the  Dyas  here  over- 
lapping the  Carboniferous,  and  resting  upon  Lower  Silurian 
rocks,  from  which  their  materials  have  been  chiefly  derived. 
Near  Dumfries  are  some  beds  of  coarse  sandy  breccia,  the 
fragments  being  chiefly  greywacke,  f elstone,  and  grey  shale ; 
but  the  mass  of  the  formation  consists  of  bright  red  sand- 
stones such  as  those  of  Corncockle  Muir,  which  are  cele- 
brated for  containing  the  foot-prints  of  large  Saurians  and 
other  reptiles. 

Near  Thomhill,  in  Nithsdale,  there  is  another  basin,  rest- 
ing partly  on  Silurian  and  partly  on  Carboniferous  rocks. 
The  southern  and  central  portions  of  this  area  consist 
entirely  of  brick-red  sandstones,  but  in  the  northern  part 
lava-flows  and  volcanic  detritus  are  interstratifled  with  the 
lowermost  sandstones,  the  series  being  divisible  thus : — 

3.  Brick-red  sandstones,  with  some  shales  and  clays. 
2.  Brick-red  sandstones,  with  bands  of  volcanic  tuff. 
1.  Sheets  of  porphyrite,  with  tuff  and  sandstone. 

A  small  tract  of  red  breccia  borders  the  east  side  of 
Loch  Byan  in  Wigtownshire. 

Two  other  basin- like  areas  of  similar  strata  occur  in 
Annandale,  one  round  Lochmaben  and  Johnstone,  and  the 
other  round  Moffat. 

In  the  centre  of  the  Ayrshire  coal-basin  lies  a  pear- 
shaped  area,  occupied  by  rocks  of  a  type  similar  to  those 
of  Thomhill.  At  the  bottom,  are  a  series  of  porphyrite 
lavas  and  tuffs,  which  form  a  continuous  band  or  rim 
round  the  little  basin.  Inside  this  rim,  and  above  the 
volcanic  group,  are  brick-red  sandstones  like  those  of 
Thomhill  and  Dumfries  (see  flg.  50,  p.  249). 

5.  Ireland. 

Byassic  rocks  are  only  found  at  two  or  three  localities 
in  the  north-east  of  Ireland,  but,  singularly  enough,  they 
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include  representatives  of  both  the  arenaceous  and  magne- 
sian  limestone  types. 

Magnesian  limestone  has  been  found  at  two  localities : 
one  at  TuUyconnell,  near  Ardtrea,  county  Tyrone;  the 
other  at  Gultra,  on  the  southern  shore  of  Belfast  Lough, 
where  they  rest  on  red  marls,  and  are  faulted  against  Car- 
boniferous rocks.  Shells  of  Schizodus,  BaketveUia,  &c., 
have  been  found  in  them,  proving  their  identity  with  the 
Durham  limestones. 

Shore-beds  of  Dyassic  age  have  been  identified  by  Pro- 
fessor Hull  as  occurring  beneath  the  city  of  Armagh, 
the  exposure  at  the  Armagh  marble  quarries  being  as 
follows : — 

3.  Boulder  beds,  resting  on  conglomerate.  \  oa  f    f 
2.  Limestone  breccia.  *  J   ^^  ^®®^' 

1.  Carboniferous  limestone. 

The  rocks  here  are  of  a  deep  red  colour,  rudely  stratified, 
and  the  breccia  at  the  base  consists  of  limestone  fragments 
in  a  matrix  of  compacted  sand,  like  the  Brockram  of  Cum- 
berland. The  blocks  in  the  overlying  boulder  bed  are  of 
all  sizes  up  to  two  feet  in  diameter,  and  consist  of  purple 
grits  and  felspathic  sandstones  derived  from  the  Silurian 
and  Old  Bed  Sandstone  districts  to  the  north  or  west. 


Volcanic  Bocks. 

No  actual  lavas  or  tuffs  of  Dyassic  age  have  yet  been 
found  in  England,  the  felstone  blocks  of  the  trappean 
breccia  of  Staffordshire  being  derived  from  some  older 
formation. 

Li  Scotland,  however,  volcanic  action  was  rife,  the  greater 
part  of  that  country  being  probably  a  land  surface  in 
Dyassic  times.  Many  of  the  volcanoes  were  doubtless  on 
tlus  land,  and  of  these  there  are  no  traces  remaining,  ex- 
cept the  pipes  or  necks  through  which  the  lava  rose.  Li 
the  Ayrshire  and  Thomhill  basins,  however,  some  of  the 
contemporaneous  lava-flows  are  preserved  beneath  the  sedi- 
mentary rocks  ;  these  have  already  been  mentioned  (p.  247), 
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and  the  following  is  a  fuller  account  taken  from  the  **  Geo- 
logical Survey  Memoirs."  ^ 

The  lower  or  igneous  zone  consists  of  a  succession  of 
beds  (or  sheets)  of  porphyrite  and  melaphyre,  marking  dif- 
ferent eruptions  of  volcanic  material.  The  prevailing  kind 
of  rock  is  a  dull  reddish  brown,  amygdaloidal,  porphyrite 
consisting  essentially  of  a  crystalline  basis  of  plagioclase 
felspar,  through  which  much  haematite  is  diffus^.  ^ugite 
appears  in  some  specimens,  and  the  amygdaloidal  kernels 
are  usually  steatite. 

Over  these  sheets  of  porphyrite  comes  a  group  of  strati- 
fied rocks,  consisting  essentially  of  the  ordinary  Permian 
(t.e.  Dyassic)  brick-red  sandstone,  but  containing  an  abun- 
dant intermixture  of  tuff  and  |)orphyrite  fragments,  either 
aggregated  into  lenticular  seams,  or  scattered  more  or  less 
abundantly  through  the  body  of  the  sandstone. 


Fig.  50.     Section  across  the  Dyassic  basin  of  Ayrshire. 

c.  Beds  of  tuff. 

b.  Porphyrite  sheets. 


/.  Basalt  dyke, 
r.  Volcanic  necks. 
d.  Ked  sandstones. 


a.  Palteozoic  rocks. 


Besides  these  interbedded  volcanic  masses,  these  areas 
furnish  other  evidence  of  the  number  and  activity  of  the 
Permian  volcanoes.  Outside  the  Permian  basin,  the  Coal- 
'  measures  are  pierced  by  numerous  large  pipes  filled  with  a 
coarse  unstratified  agglomerate,  and  usually  appearing  at 
the  surface  as  small  rounded  hills  or  hillocks.  Sometimes 
the  agglomerate  includes  a  core  or  column  of  porphyrite, 
and  the  coal-seams  in  their  neighbourhood  are  often  charred 
or  altered  into  columnar  coke.  "  There  can  be  little  doubt 
that  in  these  columns  or  necks  we  see  part  of  the  vents 
through  which  volcanic  material  was  ejected  in  Permian 
times."  The  necks  are  especially  numerous  in  the  Dalmel- 
lington  coalfield,  but  they  occur  also  in  Renfrewshire  and 
I^narkshire,  piercing  the  highest  Coal-measures  in  those 
counties. 


*  Explanations  of  Sheets  9,  14,  and  22,  Scotland. 
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Continental  Disteibtttion. 

Transitional  beds  between  the  Carboniferous  and  the 
Trias,  i.e.,  between  the  Palaeozoic  and  Mesozoic  divisions  of 
paleeontological  time,  are  found  in  most  countries  where 
Carboniferous  rocks  occur.  They  are  known  in  France, 
Germany,  Bohemia,  Poland,  and  Bussia.  Here,  however, 
it  will  suffice  to  describe  the  German  and  Bu^ian  series. 

Germany. — The  typical  Dyassic  series  of  Germany  is 
found  in  the  Thuringerwald,  and  on  the  flanks  of  the  Hartz 
Mountains.  Here  it  consists  of  two  principal  members-: 
(1)  the  Bothe-liegende,  a  group  of  red  sandstones  and  con- 
glomerates resting  unconformably  on  the  Coal-measures, 
and  varying  greatly  in  thickness;  (2)  the  Zechstein,  a 
magnesian  limestone  with  a  thin  band  of  black  shale  at 
the  base,  called  Kupfer-schiefer,  and  which  is  the  exact 
analogue  of  our  marl  slate.  The  lower  part  of  the  Zech- 
stein  is  a  massive  thick-bedded  limestone,  the  upper  part 
is  thin-bedded  (Platten-dolomit),  and  sometimes  contains 
beds  of  gypsum.  Its  upper  surface  is  eroded  and  covered  by 
soft  shady  sandstones  locally  termed  the  Bunter-schiefer. 

It  is  on  account  of  the  persistent  development  of  these 
two  groups  in  northern  and  central  Germany  that  the 
system  has  been  termed  the  Dyas.  But  when  this  Dyas  is 
traced  southward  into  Bavaria  and  Bohemia,  the  calcareous 
members  die  out,  while  the  arenaceous  members  increase  in 
thickness,  till  the  whole  series  consists  of  sandstone  and 
conglomerate  with  only  thin  local  beds  of  limestone  or  cal- 
careous breccia.  This  lateral  change  of  sedimentary  type 
is  analogous  to  that  which  takes  place  in  England,  and  in 
both  countries  the  upper  part  of  the  arenaceous  group 
may  be  correlative  with  the  upper  part  of  the  calcareous 
group. 

Russia. — The  Dyassic  rocks  seem  to  have  extended  con- 
tinuously eastward  from  Germany  through  Bussia  to  the 
Ural  Mountains,  on  the  flanks  of  which  they  are  largely 
developed,  and  it  was  from  the  ancient  kingdom  of  Permia, 
which  included  the  modem  provinces  of  Perm,  Kasan, 
Orenburg,  &c.,  that  Sir  B.  I.  Murchison  gave  these  rocks 
the  name  of  Permian.    Here  they  cease  to  be  a  "  Dyas, 
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and  oonBist  of  a  variable  succession  of  sandstones,  marls, 
limestones,  and  gypsum  beds;  they  are  overlain  by  red 
sandstones  and  conglomerates,  wluch  Murchison  consi- 
dered to  be  of  Permian  age,  but  which  may  prove  to  be 
Triassic. 

It  has  been  found,  indeed,  that  both  in  Bussia  and  Ger- 
many Murchison  included  too  much  in  his  Permian  sys- 
tem ;  in  Bussia  he  made  a  threefold  division  of  the  series 
into  (1)  Lower  Sandstone,  (2)  Limestones  and  Marls,  (3) 
Upper  Sandstones,  and  thinking  he  found  a  parallel  series 
in  Germany,  he  correlated  the  Russian  Upper  Sandstone 
with  the  Bunter-schiefer  which  overlie  the  Zechstein  in 
Grermany.^  These  Bunter-schiefer  have  consequently  been 
for  a  long  time  included  in  the  Permian  series,  but  the 
best  authorities  are  now  of  opinion  that  they  belong  to  the 
Trias. 


Physical  Geogbaphy. 

In  Chapter  VI.  the  Carboniferous  period  was  described 
as  one  of  quiescence,  during  which  the  forces  of  terrestrial 
disturbance  were  in  abeyance ;  but  as  periods  of  calm  and 
storm  ever  alternate  in  the  atmosphere  outside  our  earth, 
so  also  do  periods  of  quiescence  and  disturbance  seem  to 
have  succeeded  one  another  within  the  earth  itself.  Certain 
it  is  that  the  calm  of  Carboniferous  times  was  followed  by 
an  epoch  of  great  disturbance  in  the  European  and  Atlantic 
areas,  which  ended  in  the  establishment  of  an  entirely  new 
order  of  things. 

The  general  appearance  of  terrestrial  surfaces  during 
the  formation  of  the  Coal-measures  was  described  in  the 
last  chapter;  the  conglomerates  and  sandstones  of  the 
Upper  Coal-measures  give  evidence  that  geographical 
changes  were  setting  in,  but  subsequently  more  forcible 
movements  took  place,  and  the  Dyassic  period  was  ushered 
in  by  great   upheavals  and  subsidences   involving  very 

'  Until  it  has  been  ascertained  how  much  of  the  Russian  group  is 
really  homotaxial  with  the  German  Dyas,  the  term  Permian  may  be 
oonveniently  retained  as  a  name  for  the  Russian  series,  which  is  so 
different  from  that  of  Germany  and  England. 
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extensive  changes  in  the  physical  geography  of  the  northern 
hemisphere. 

"  During  the  Upper  Carboniferous  epoch,"  says  Professor 
Hull,^  "  there  seems  to  have  existed  a  vast  continentararea 
stretching  southwards  from  the  Arctic  regions,  embracing 
Greenland  or  its  representative,  and  occupying  the  North 
Atlantic  of  the  present  day  (see  frontispiece).  The  boun- 
daries of  this  continent,  east  and  west,  approached  the 
shores  of  the  British  Isles  and  of  Western  Europe  on  the 
one  side,  and  of  the  North  American  continent  on  the 
other."  At  the  close  of  the  Carboniferous  period  there 
appear  to  have  been  important  upheavals  of  land  on  either 
side  of  this  continent,  resulting  in  the  formation  of  certain 
mountain  ranges :  the  Alleghanies  in  America  date  from 
this  epoch,  as  do  also  the  Pennines  in  Britain,  and  certain 
east  and  west  ridges  which  are  now  partially  concealed  by 
newer  rocks,  one  of  these  being  the  subterranean  ridge 
which  strikes  through  the  south  of  Ireland  and  England 
into  Belgium.  Simultaneously  with  these  upheavals  it  is 
very  probable  that  the  ancient  Atlantic  continent  was 
broken  up,  submerged,  and  converted  into  an  open  ocean ; 
the  depression  of  this  Atlantic  area  being  in  fact  the 
proximate  cause  of  the  upheavals  on  either  side.  Such, 
according  to  Professor  Hiill,  was  the  genesis  of  the  North 
Atlantic  Ocean,  and,  apparently,  it  has  never  ceased  to  be 
an  ocean  from  that  time  to  the  present  day,  though 
throughout  the  Mesozoic  periods  there  was  a  large  con- 
tinuous tract  of  land  to  the  west  of  England,  of  which 
Ireland  is  now  the  sole  remnant. 

The  open  Mediterranean  sea  of  the  Carboniferous  period . 
in  Europe  was  converted  into  a  large  inland  sea,  like  the 
Caspian  of  the  present  day,  surrounded  by  a  rocky  and 
hilly  continent,  on  which  grew  trees  and  plants  of  various 
kinds.  Many  of  these  plants  are  closely  allied  to  those  of 
the  Carboniferous,  but  species  belonging  to  the  Yew  and 
Fir  tribes,  which  flourish  on  dry  ground,  preponderate 
over  the  reeds,  ferns,  and  gigantic  lycopodia  which  flourished 
in  the  Coal-measure  swamps;  while  Sigillarise  are  not 
found  at  all. 

'  *'  Contributions  to  the  Physical  History  of  the  British  Islands," 
1882,  p.  51. 
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Now  for  the  fbrst  time  do  we  find  anything  like  a  mass 
of  land  extending  continuously  through  the  continent  of 
Europe,  and  stretching  through  France  into  the  British 
Islands.  All  the  south  of  England  and  Wales,  the  greater 
part  of  North  England  and  Scotland,  and  nearly  the  whole 
of  Ireland,  formed  a  compact  and  united  region  of  land, 
our  islands  being  not  then  separated  from  one  another  by 
St.  Gkorge's  Channel. 

It  appears  certain  that  the  principal  earth-throes,  those 
which  produced  the  more  important  disturbances  of  the  Car- 
boniferous rocks  in  Britain,  occurred  during  the  unrepre- 
sented period  of  time  which  intervened  between  the  Coal- 
measures  and  the  Dyas.  The  stratigraphical  relations  of 
the  latter  to  the  former  make  it  clear  that  the  disturbances, 
which  bent  the  Coal-measures  into  the  basin-shaped  forms 
they  now  present,  took  place  before  any  Dyassic  strata 
were  deposited.  These  movements  resulted  in  the  develop- 
ment of  a  double  system  of  anticlinal  and  synclinal  axes, 
one  set  running  north  and  south,  the  other  nearly  east  and 
west.  It  is  impossible  to  say  whether  this  double  system 
of  axes  was  formed  simultaneously,  or  whether  one  set  was 
formed  first  and  the  second  set  by  a  separate  and  subse- 
quent movement,  but  it  is  certain  that  the  interference  or 
combination  of  these  axes  has  produced  the  broad  basins 
in  which  the  Coal-measures  are  now  found. 

It  is  also  certain  that  the  Pennine  chain  (often  called 
the  backbone  of  England)  began  to  be  formed  at  this  time ; 
though  there  is  some  doubt  whether  it  constituted  a  com- 
plete barrier,  shutting  off  the  western  Dyassic  area  (Lanca- 
shire, Cumberland,  <&c.)  from  the  main  sea  on  the  east,  or 
whether  there  was  communication  between  the  two  areas 
of  deposition  through  a  narrow  strait  across  the  centre  of 
Yorkshire.  There  is  certainly  no  positive  evidence  in 
favour  of  such  a  strait,  and,  on  the  whole,  perhaps,  the 
balance  of  evidence  is  against  its  existence.  In  that  case 
there  must  have  been  complete  land  connection  from 
Derbyshire  to  Scotland,  and  probably  from  Scotland  to 
the  north  of  Ireland,  enclosing  a  second  inland  lake  of 
much  smaller  dimensions,  but  still  of  respectable  size,  and 
rather  larger  than  the  modem  Lake  Huron. 

Part  of  the  site  of  this  lake  is  now  occupied  by  the  Irish 
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Sea,  and  the  deposits  described  in  North-west  England,  in 
Scotland,  and  Ireland,  were  chiefly  formed  near  its  borders. 
It  appears  to  have  extended  from  Warwickshire  and  Wor- 
cestershire, on  the  south,  to  the  Firth  of  Clyde,  a  distance 
of  280  miles,  with  an  extreme  width  of  about  160  milee. 
Arms  of  it  ran  up  the  Solway  Firth  and  the  valleys  of  the 
Eden,  Nith,  and  Annan;  and  probably  up  to  the  Firth  of 
Clyde ;  westward,  a  gulf  extended  into  Ireland  as  far  as 
Dungannon  in  Tyrone,  and  there  may  have  been  a  bay 
stretphing  southward  into  St.  George's  Channel. 

I  am  aware  that  my  view  of  the  geography  of  this 
period  is  very  different  from  that  published  by  Professor 
Hull,'  who  maintains  the  post-Dyassic  and  the  pre-Triassic 
origin  of  the  Pennine  chain,  but  strong  arguments  against 
this  view  have  been  urged  by  Messrs.  E.  Wilson  and  J.  J. 
H.  Teall.^  Again,  the  hypothetical  ridge  beneath  Cheshire, 
for  which  Professor  Hull  contends,  appears  to  me  to  rest  on 
equally  doubtfid  grounds.  There  is  certainly  very  little 
similarity  between  the  rocks  of  the  eastern  and  western 
types,  nor  are  the  differences  between  those  of  Salop  and 
Lancashire  incompatible  with  their  having  been  deposited 
in  different  parts  of  the  same  lake  basin.  As  the  lake  was 
originally  an  uplifted  area  of  the  great  Carboniferous  sea» 
and  its  waters  were  probably  saline,  it  is  not  surprising 
that  a  few  marine  shells  should  have  lingered  in  its  more 
central  parts. 

The  slopes  surrounding  this  lake  seem  in  most  places  to 
have  been  steep,  and  the  rivers  running  into  it  were  conse- 
quently rapid,  carrying  down  quantities  of  sand,  and  in 
some  regions  large  stones  and  boulders,  as  in  the  breccias 
of  the  Midland  counties.  The  size  of  the  transported 
boulders  in  these  breccias,  their  angularity,  and  the  occa- 
sional striation  of  their  surfaces,  suggested  to  Professor 
Bamsay  that  they  had  been  carried  by  floating  ice.  Many 
of  the  fragments  can  be  identified  with  Welsh  rocks,  and 
it  is  highly  probable  that  the  Welsh  mountains  were  then 
much  more  lofty  than  at  present,  and  that  snow  may  have 
accumulated  on  them  in  sufficient  quantity  to  form  glaciers. 

•  "  Qaart.  Joum.  Geol.  Soc.,**  vol.  xxv.  p.  171,  and  "  Physical  History 
of  the  Brit.  Isles,"  1882,  p.  90,  and  plate  viii. 

^  "  Greol.  Mag.,"  Dee.  2,  rol.  yi.,  p.  500,  and  rol.  vii.  p.  349. 


CHAP.  VII.]  THE   DYA8.  255 

Some  of  these  may  liave  reached  the  level  of  the  lake,  and 
torrential  streams  bursting  from  others  may  have  been 
equally  active  in  carrying  down  the  rock-fragments  quarried 
from  the  frosty  regions  above. 

On  the  northern  borders  of  the  lake  volcanic  forces  came 
into  play,  and  lava-flows  with  beds  of  volcanic  ash  were 
interbedded  with  the  lacustrine  sandstones  (see  p.  249). 

With  regard  to  Ireland  Professor  Hull  describes  the  pre- 
Dyaseic  terrestrial  movements  as  producing  "their  most 
powerful  and  striking  effects  over  the  southern  and 
northern  districts,  while  the  centre  was  only  partially  dis- 
turbed and  elevated.  Over  the  former  districts  the  [older] 
beds  were  forced  by  lateral  pressure  to  arrange  themselves 
in  numerous  foldings,  which  are  very  evident  on  a  geo- 
logical map  by  the  bands  of  Carboniferous  beds  alternating 
with  those  of  Old  Red  Sandstone."  ..."  Meanwhile,  as 
the  anticlinal  ridges  were  forced  into  the  air,  and  as  the 
whole  of  the  central  area  was  probably  elevated  into  a  land 
surface,  the  agents  of  denudation  commenced  to  wear 
down  the  exposed  surfaces,  and  began  the  process  of  de- 
struction which  has  continued  so  long  that  only  a  few 
isolated  remnants  of  the  Coal-measures  remain  as  monu- 
ments of  the  ruin." 

The  greater  part  of  the  materials  derived  from  this 
Irish  land  in  Dyassic  times  were  doubtless  deposited  in  the 
neighbouring  lake,  and  some  of  them  still  remain  in  the 
north-eastern  comer  of  Ireland.  From  the  thickness  of 
the  mechanical  deposits  in  this  north-western  lake,  and  the 
rarity  of  magnesian  limestones,  we  may  infer  that  many 
streams  and  rivers  ran  into  it,  bringing  a  constant  supply 
of  fresh  water  and  preventing  the  formation  of  chemical 
deposits.  The  north-eastern  lake,  on  the  other  hand, 
seems  to  have  suffered  from  evaporation  and  concentration  ; 
possibly,  also,  the  waters  poured  into  it  contained  a  larger 
proportion  of  salts  in  solution.  At  any  rate,  there  are  good 
reasons  for  regarding  the  Dyassic  dolomites  as  direct 
chemical  deposits,  although  the  process  of  precipitation 
cannot  be  imitated  in  our  laboratories. 

Mr.  E.  Wilson  suggests  the  following  as  the  probable 

sequence  of  events  in  the  north-eastern  basin.*    After 

^  "  The  Permian  Formation  of  N.  E.  England,  Midhmd  Nat.,"  vol.  ir. 


256  TBAN8ITION    SERIES.  [PABT  T. 

indicating  the  formation  of  the  basement  sands,  he  says — 
"  After  a  time  the  waters  would  become  suflBlciently  satu- 
rated to  cause  ^olomitic  materials  to  be  thrown  down  to 
some  extent,  which  commingled  with  the  sand  and  mud,  as 
also  with  the  large  supplies  of  ferrous  carbonate  likewise 
brought  down  by  the  rivers,  would  give  rise  to  the  blue- 
coloured  plant-bearing  dolomitic  sandstones  and  shales  of 
the  Marl  Slate  series.  During  this  stage,  mechanical  de- 
position predominated,  on  the  whole,  over  chemical  preci- 
pitation. .  .  .  Somewhat  suddenly  (however)  this  state  of 
things  came  to  an  end.^  Chemical  precipitation  now  began 
to  predominate,  and  the  formation  of  the  white  and  yellow 
Dolomites  commenced.'*  In  the  north  this  precipitation 
continued  .uninterruptedly,  but  the  intercalations  of  shale 
and  marl  in  the  southern  part  of  the  area  point  to  the  in- 
flowing of  large  rivers  from  the  land  which  then  existed 
over  the  east  of  England.  It  was  clearly  these  southern 
rivers  that  brought  down  the  argillaceous  material  of  the 
Marl  Slates  and  Middle  Marls,  derived  doubtless  from  a 
wide  surface  of  Coal-measures  then  undergoing  destruc- 
tion, while  the  streams  from  the  west,  beiag  smaller  but 
more  rapid,  may  be  credited  with  the  introduction  of  the 
Yorkshire  "  quicksands." 

>  The  change,  as  Mr.  Wilson  sugsests,  was  probably  due  to  pro- 
gressive subsidence,  which,  hy  diminishing  the  altitude  of  the  surround- 
ing land,  while  increasing  the  area  of  evaporation,  would  tend  to  promote 
condensation  of  the  lake-waters,  and  the  consequent  precipitation  of 
mineral  matter  in  solution. 


I 


CHAPTER  Vni. 

NEOZOIC    TIME. 

WITH  the  close  of  the  Djassic  period  the  last  remnants 
of  Palaeozoic  life  became  extinct  in  the  British  area, 
and  when  after  a  long  continental  period  the  western  and 
northern  parts  of  Europe  were  again  submerged  beneath 
the  sea,  the  waters  were  tenanted  by  a  very  different  set  of 
generic  forms.  The  Palaeozoic  families  of  Cystoid  and 
Blastoid  Echinoderms,  Bugose  Corals,  Tiilobites,  and 
Orthoceratidse,  are  no  longer  represented ;  their  place 
being  taken  by  the  true  Echinoidea,  Decapod  Crustacea, 
Aporose  Corals,  Siphonate  Gusteropods,  and  Cephalopods 
of  the  Ammonite  and  Belemnite  type:  many  orders  of 
Beptiles  appear  for  the  first  time,  and  the  earliest  Mammal 
yet  known  occurs  in  the  upper  beds  of  the  Trias. 

Professor  E.  Forbes  considered  the  difference  between 
the  life  of  the  Primary  and  Secondary  rocks  to  be  so  much 
greater  than  that  between  the  life  of  the  Secondary  and 
Tertiary  times,  that  he  proposed  to  make  two  divisions 
onlj  in  the  life-history  of  the  world — a  Palseozoic  and  a 
Neozoic — instead  of  the  three,  Paleeozoic,  Mesozoic,  and 
Coenozoic.  There  is  certainly  much  to  be  said  in  favour  of 
Forbes'  view,  for  though  some  of  the  Mesozoic  forms  be- 
come extinct  at  the  close  of  the  Cretaceous  period,  yet 
many  survive  to  the  present  day,  and  recent  discoveries 
ha?e  considerably  reduced  the  magnitude  of  the  gap  which 
was  supposed  to  exist  between  Secondary  and  Tertiary 
strata.  The  combined  thickness  of  these  strata  is  far  less 
than  that  of  the  Paleozoic  rocks  (see  the  table  on  next 
page),  BO  that  if  judged  by  the  relative  thickness  of  strata 
within  the  limits  of  the  British  area,  the  value  of  the 
Palaeozoic  division  woidd  be  about  four  times  as  great  as 
that  of  the  Neozoic ;  but  the  case  is  altered  if  the  number 
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These  oolomns  show  the 
relatiye  thicknesses  of  the 
Neozoic  and  Palamzoiv  di- 
yisions  of  the  geological 
series,  and  are  drawn  on 
a  scale  of  14,000  feet  to  an 
inch. 

The  thickness  of  the  Ar- 
chssan,  which  is  here 
placed  at  the  base'  of  the 
Falffiosoic  systems,  is  quite 
uncertain. 
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of  fossils  found  in  each  diyision  are  compared,  the  numbers 
in  1885  standing  thus  (according  to  Mr.  Etheridge): 
P^dsBozoic  species,  4,620 ;  Neozoic  species,  8,998,  or  nearly 
twice  as  many. 


The  Tbiassic   System, 
nomenclatube  and  divisions. 

The  nomenclature  of  the  Trias  of  northern  Europe  is 
taken  from  Germany,  where  the  system  is  more  complete 
thaji  in  England,  and  where  it  is  divisible  into  three  great 
groups,  to  which  German  geologists  gave  the  following 
names: — 

3.  Keuper  (red  marls  and  sandstones). 
2.  Muschelkalk  (marine  limestones). 
1.  Bunter  (red  marls  and  sandstones). 

In  Britain  there  is  no  representative  of  the  Muschelkalk 
or  Middle  Trias,  the  Lower  Trias  or  Bunter  being  suc- 
ceeded directly  by  the  Upper  or  Keuper  division ;  though 
there  are  signs  of  erosion  at  the  junction  of  the  two  divi- 
sions, and  Uie  Keuper  beds  generally  overlap  the  Bunter 
and  extend  far  beyond  their  edges.  The  classification  of 
the  British  series  as  proposed  by  Professor  Hull,  and  since 
generally  adopted,  is  as  follows : — 

3.  Bed  marls,  with  rock-salt. 


Keuper.  <    2.  Bed,  brown,  and  white  sandstones. 
(  1.  Conglomerate  and  breccia  (local). 
3.  Upper  mottled  sandstone. 
Bunter.  -(   2.  Pebble  beds  and  conglomerates. 

Lower  mottled  sandstone  and  breccia. 


■{I 


This  classification  holds  good  for  the  whole  range  of  the 
Trias  through  England,  except  in  Devon  and  Somerset, 
where,  as  will  presently  be  shown,  the  succession  is  some- 
what different  and  apparently  more  continuous. 

It  is  now  admitted,  however,  that  the  British  and  German 
rocks,  being  of  fluviatile  and  lacustrine  origin,  cannot  be 
regarded  as  the  typical  deposits  of  the  period,  and  that  for 
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a  complete  marine  series  of  Triassic  rocks  we  must  go  to 
the  Alps.  An  account  of  this  Alpine  Trias  will  be  given 
after  the  description  of  the  English  and  German  rocks, 
and  the  student  must  remember  that  these  latter  are 
exceptional,  and  that  the  Alpine  beds  are  the  normal  tjpe 
of  the  system. 


Life  of  the  Pebiod. 

Marine  Type. — The  typical  fossils  of  the  Trias  are  of 
course  only  to  be  found  where  marine  beds  exist,  and  it  is 
the  Alpine  marine  series  which  furnishes  the  most  com- 
plete assemblage  of  Triassic  fossils  in  Europe.  This  assem- 
blage contains  a  remarkable  mixture  of  Palaeozoic  and 
Mesozoic  forms,  many  of  the  genera  which  in  more 
northern  districts  had  become  extinct  at  the  close  of  the 
Dyassic  period  still  surviving  in  the  Alpine  area.  Among 
these  may  be  specially  mentioned  OrihoceraSf  Bactrites, 
Goniaiites,  Loxonefma,  Murchiaonia,  Etunnphalus,  Metssia, 
Spirifera,  and  Spiriferina.  These  are  mingled  with  such 
characteristic  Mesozoic  types  as  Anvmonites,  NeriTUBa, 
ChemnUzia,  Lima,  Ostrea,  Cardita,  and  Myacites,  and  with 
others  which  are  specially  Triassic,  such  as  CercUUes  (a 
genus  allied  to  Ammonites),  the  peculiar  Gusteropods 
8colio«toma,  Flatystomxi,  and  Naticella,  the  Lam^Hbranchs 
HaZobia  and  Myophoria,  and  the  Brachiopod  Koninckia 
(which  is  allied  to  the  Palseozoic  StrophcUosia),  The  PalsBO- 
zoic  forms  are,  however,  decidedly  in  a  minority,  and  do 
not  amount  to  more  than  one-tenth  of  the  whole  fauna. 

The  following  are  genera  which  now  appear  for  the  first 
time : — 

Echinodeinns. — Encrinus,  Pentacrinus,  Cidaris. 

Lamellibranche. — Ostrea,  Lima,  PUcatula,  Gtervillia, 
Myophoria,  Oardium,  Cardita,  Myacites,  Pleuromya. 

Cepludopoda, — ^Ammonites,  Belemnites  (Aulacoceras). 

Ghsteropoda, — Chemnitzia,  Turritella,  Turbonilla. 

Lacustrine  Type. — In  the  lacustrine  beds  of  England 
and  Germany,  Pkuits,  Fish,  and  Beptiles  are  the  principal 
fossils,  and  Mollusca  of  any  kind  are  rare,  thoi^h  species 
of  Unio  and  Anodan  have  been  found. 
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Among  Plants  the  Ferns  are  represented  bj  tlie  follow- 
ing genera :  Anomopteris,  Clathropteris,  Sagenopteria,  Tceni- 
opteris,  and  the  Palaeozoic  Pecopteris  and  Neuropteris ;  Coni- 
fers by  VoUzia  and  Albertia ;  Cjcads  by  Zamiies,  Otozamites, 
PterophyUum,  and  ^thophyUum.  The  horsetail  Equiseium 
also  occurs. 

Among  Fish  Ceratodus,  a  genus  still  living  in  AustraUa, 
is  worthy  of  note ;  species  of  Acrodus,  Hyhodua,  Diptero- 
ncius,  Palceoniacus,  and  Pholidophorvs  occur. 

Of  Amphibia,  the  Labyrinthodonts  are  still  represented 
by  Lahyrinthodon,  Mastodonsawnis,  and  Trematosaurus,  but 


Fig.  51.    Foot-marks  of  Labjrinthoclon. 

this  order  does  not  survive  the  Triassic  period.  Their 
tracks  are  five- toed,  like  the  rough  impress  of  a  man's 
hand. 

Kemains  of  true  Eeptiles  are  not  uncommon,  and  in- 
clude several  of  the  orders  which  attained  their  maximum 
abundance  in  the  succeeding  Jurassic  period.  The  Lacer- 
tians  are  represented  by  Hyperodapedon,  Telerpetan,  and 
Bhynchosaums,  and  the  Crocodiles  by  Stagonolepis  and 
Behdon.  Dinosaurs  occur  for  the  first  time  in  the  forms 
known  as  Paloeosaurua,  Teratosaurus,  Thecodontoaaurus,  and 
Cladyodan.  These  creatures  appear  to  have  walked  on  their 
hind  feet,  after  the  fashion  of  a  kangaroo ;  and  as  some  of 
them  had  only  three  toes,  their  footprints  greatly  resemble 
those  of  gigantic  three-toed  birds,  and  were  supposed  for  a 
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long  time  to  have  been  made  by  such  birds ;  other  genera 
had  four  or  five  toes. 

The  Trias  has  also  yielded  the  earliest  Mammal  which 
has  yet  been  discoyered,  namely,  a  small  marsupial  allied 
to  the  Australian  Myrmecohius,  or  Banded  Ant-eater,  and 
named  Microlestes.  It  is  found  in  the  Keuper,  or  Upper 
Trias. 

Fossils  of  the  Alpine  Trias. 

LowEB  Tbias.* 

LameUibranchs. — Myophoria  costata,  Posidonomya  Olarss, 
Pleuromya  fassaensis,  Avicula  venetiana. 

Oasteropoda, — Naticella  costata,  Turbo  recticostatus. 
Cephalopoda, — Ceratites  Cassianus. 

Middle  Tbias. 

Echinoderms, — Encrinus  liliif  ormis,  Dadocrinus  gracilis. 

Brachiopoda. — Terebratula  vulgaris,  SpiriferinaMentzeli, 
Betzia  trigonella,  Bhynchonella  decurtata. 

LameUdyranche. — ^Lima  striata,  Qervillia  socialis,  Halobia 
LomelU,  Myophoria  vulgaris. 

Gasteropoda,— NsLtica.  gregaria. 

CepJudopoda. — Ceratites  binodosus,  Ammonites  Studeri, 
Am.  dux,  Am.  luganensis. 

XJppEB  Tbias. 

Echinoderms. — Pentacrinus  propinquus,  Cidaris  dorsata. 

Brachiopoda, — Terebratula  indistincta,  Koninckia  Leon- 
hardi. 

LameUibranchs. — Cardita  crenata,  Halobia  rugosa,  Nucula 
lineata,  Cassianella  grypheata. 

Oasteropoda. — Natica  Meriani,  Chemnitzia  Escheri, 
Monodonta  cassiana,  Gyroporella  annulata. 

Cephalopoda. — Ammonites  floridus,  Am.  aon,  Am.  jar- 
bas,  Orthoceras  elegans,  O.  reticulatum,  Baetrites  nudatus, 
Aulacoceras  alveolare. 

'  Marine  fossils  onlj  occur  in  the  upper  part  of  the  Alpine  Banter. 


TSIABSIC   8TBTKH. 


Fossils  of  the  English  and  German  Trias. 

BUKTEB. 


MoHusea. — Myopboria  costata  (ia  upper  marla  of  Qer- 
many). 


Kg.  G3.    Mntchellulk  Foauls. 
a.  Encritmi  tiliiformii.  d,  Mjopboria  Tolgkrla. 


Plant*. — Eqnisetnm  arenaceum,  Albertia  elliptica,  .£tbo> 
phjllam  Bpecioflnm. 

SeptUe*. — Placodus  impresniB,  Nothosauma  Schimperi, 
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Mttschelkalk. 

Echinoderms, — Encrinus  liliiformis,  Aspidura  loricata. 

Brachiopoda, — Terebratula  vulgaris. 

Lamell'lhranche, — Myophoria  vulgaris,  lima  striata, 
Pecten  discites,  Gervillia  socialis. 

Oasteropoda. — Turritella  reallata. 

Cephalopoda. — Nautilus  bidorsatus,  Oeratites  binodosus. 

Fish. — Acrodus  G-aillardoti,  Ceratodus  heteromorphus, 
Hybodus  major. 

Keupeb. 

Plants. — Equisetum  columnare,  Pterophyllum  Jageri, 
Voltzia  heterophylla,  Taeniopteris  vittata. 

Crustacea. — Estheria  minuta. 

Fish. — Palseoniscus  superstes,  Dipteronotus  cyphus, 
Acrodus  minimus,  Hybodus  Keuperi. 

"Reptiles. — ^Labyrinthodon  giganteum,  Cladyodon  Lloydii, 
Hyperodapedon  Gordoni,  Telerpeton  elginense. 

Mamvmalia. — Microlestes  antiquus. 


Bocks   of   the    British   Islands. 

Mange  and  Relation  to  Rocks  below. 

Triassic  rocks  commence  on  the  south  coast  between  Tor 
Bay  and  Teignmouth,  where  they  form  five  cliffs ;  they  ex- 
tend eastward  past  the  mouths  of  the  rivers  Eze  and  Otter 
as  far  as  Sidmouth  and  Axmouth,  where  they  are  covered 
by  Cretaceous  rocks.  Inland  they  extend  northward 
through  Devon  and  Somerset  in  a  band  of  vaiying  width, 
which  sends  tongues  or  prolongations  westward  across  the 
valley  of  the  Exe  into  central  Devon ;  and  in  Somerset  the 
strike  of  the  beds  curves  round  to  the  north-west,  and 
passes  over  the  edges  of  the  Devonian  rocks  to  the  coast  of 
the  Bristol  Channel  at  Minehead  and  Porlock  Bay.  The 
upper  beds  also  occur  nearPenarth  in  G-lamorganshire;  so 
it  is  clear  that  the  Trias  had  a  considerable  extension  west- 
ward down  the  Bristol  Channel 
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In  North  Somerset  the  upper  beds  of  the  Trias  encircle 
the  Mendip  Hills,  and  occur  in  patches  over  the  area  of 
the  Bristol  coalfield.  In  the  Severn  valley  it  is  overlapped 
by  the  Trias,  but  emerges  again  to  the  west  of  Gloucester, 
and  runs  northward  through  Worcestershire  between  the 
Malverns  and  the  valley  of  the  Severn ;  the  width  of  its 
area  increasing  till  it  spreads  out  over  large  parts  of  Staf- 
ford, Warwick,  Leicester,  and  South  Derby,  interrupted 
only  by  island-like  patches  of  the  older  rocks,  which  rise 
up  from  beneath  it. 

Of  its  eastward  subterranean  extension  we  know  that 

it  thins  out  rapidly  to  the  south-east  against  the  ridge  of 

Palaeozoic  rocks  which  underlies  Herts  and  Essex.   Borings 

near  Northampton  found   only  from   60   to   70  feet  of 

Trias,  while  at  Ware  and  Turnford  it  is  entirely  absent. 

South  of  London,  however  (at  Richmond  and  elsewhere), 

mottled  sandstones  resembling  those  of  the  Trias  have  been 

found  from  1,100  to  1,200  feet  below  the  surface.     It  was 

also  pierced  at  Biirford  in  Oxfordshire,  where  its  thickness 

is  424  feet,  and  it  rests  on  Coal-measures  at  1,084  feet. 

North  of  this  great  central  expansion  the  Triassic  area  is 
divided  into  an  eastern  and  a  western  fork  by  the  range  of 
the  Pennine  Hills,  which  were  in  existence  before  its  for- 
mation ;  one  tract  extends  through  Nottingham  and  York- 
sliire,  forming  a  broad  plain  between  the  Magnesian  Lime- 
stone and  the  Lias  as  far  as  York ;  thence  it  narrows,  but 
runs  up  the  valley  of  the  Ouse  and  across  that  of  the  Tees 
to  the  coast  at  and  south  of  Hartlepool.  The  other  tract 
extends  from  Staffordshire  through  Shropshire,  Cheshire, 
and  Lancashire  to  the  shores  of  Morecambe  Bay ;  while 
outlying  tracts  of  Trias  occur  in  North  Wales  (Vale  of 
Clwyd),  and  along  the  shores  of  the  Sol  way  Forth,  extend- 
ing inland  for  some  distance  up  the  Eden  valley. 

In  Scotland  there  are  small  tracts  in  Dumfriesshire,  some 
scattered  patches  in  the  Western  Isles,  and  a  tract  on  the 
south  shore  of  Moray  Firth  (Elgin  and  Ross). 

In  Ireland  Trias  is  found  only  in  Ulster  (Antrim,  Ac), 

and  does  not  occupy  any  large  area  at  the  surface,  though 

it  probably  extends  beneath  the  chalk  and  basalt  of  the 

former  county. 

The'  Triassic  strata  are  everywhere  unconformable  to  the 
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rocks  on  whicli  they  rest ;  they  extend  far  and  wide  beyond 
the  edges  of  the  Dyassic  beds,  and  nin  up  many  of  our 
wider  valleys  as  if  the  principal  hill-ranges  of  England 
were  then  already  in  existence,  as  indeed  they  doubtless 
were.  The  Coal-measures  and  older  Palaeozoic  rocks  had 
been  bent  into  troughs,  basins,  and  ridges,  and  had  suffered 
enormously  from  erosion  and  detrition  before  the  Triassic 
beds  were  deposited  upon  them,  so  that  in  most  parts  of 
the  country  these  beds  rest  upon  a  surface  of  erosion  which 
had  been  previously  formed  across  the  tilted  edges  of  the 
Palaeozoic  rocks. 

The  stratigraphical  relations  of  the  Palaeozoic  and  Neo- 
zoic strata  are  of  the  greatest  importance  to  the  student  of 
British  geology,  and  fig.  53  has  been  drawn  with  the 
special  object  of  illustrating  these  relations.  Fig.  53  is  a 
diagrammatic  section  from  the  valley  of  the  Severn  through 
the  counties  of  Gloucester,  Oxford,  Buckingham,  and  Hert- 
ford to  the  valley  of  the  Lea  at  Ware.  It  shows  the  suc- 
cession of  the  Neozoic  rocks  from  the  Trias  to  the  Chalk, 
and  the  manner  in  which  they  rest  upon  the  floor  of 
Palaeozoic  rocks  which  lies  beneath.  The  depth  of  this 
floor  from  the  surface  of  the  ground  is  known  at  two  points 
along  the  line  of  section,  namely,  at  Burford  and  Ware, 
Coal-measures  being  found  at  the  former  place,  and  Silurian 
rocks  at  the  latter  below  the  Neozoic  strata ;  but  the  depth 
of  the  floor  elsewhere  is  quite  uncertain,  neither  can  we  tell 
what  group  of  rocks  would  be  struck  at  any  particular 
locality ;  the  flexures  shown  in  the  diagram  are  purely 
theoretical,  and  are  only  inserted  to  show  the  general  way 
in  which  the  Palaeozoic  rocks  may  be  supposed  to  lie.  It 
is  an  ascertained  fact,  however,  that  the  .furassic  rocks  thin 
out  eastward,  and  are  entirely  absent  beneath  the  Qault  in 
Hertfordshire. 

In  the  counties  of  Devon,  Somerset,  and  Gloucester  the 
gap,  unconformity,  and  divergence  of  strike  are  very  great, 
the  Devonian  and  Carboniferous  rocks  striking  roughly 
from  west  to  east,  while  the  Triassic  beds  pass  across  and 
over  their  edges  in  a  general  N.N.E.  direction. 

In  Worcestershire  the  Trias  rests  in  different  places  on 
all  older  rocks,  from  the  Malvern  Cambrians  to  the  Dyas 
inclusive ;  where  it  abuts  against  the  Dyassic  outlier  of  the 
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Abberley  Hills,  the  boundary  line  seems  to  be  of  the  nature 
of  a  cliff  or  steep  shore-margin,  and  it  is  clear  from  the 
position  of  this  and  other  Dyas  outliers  that  the  latter 
formation  had  undergone  extensive  disturbance  and  de- 
struction before  the  Massic  period. 

In  the  Midland  counties  the  Trias  rests  similarly  upon 
everything  quite  unconformably,  overstepping  the  Dyassic 
rocks,  and  wrapping  round  the  exposed  portions  of  the 
Staffordshire,  Warwickshire,  and  Leicestershire  coalfields. 
Most  of  the  dislocations  which  are  so  numerous  in  these 
coalfields  were  produced  before  the  Triassic  period,  and  the 
Trias  rests  on  the  tilted  and  eroded  edges  of  the  Carboni- 
ferous rocks,  running  up  into  the  ancient  valleys  and 
hollows.  In  Shropshire,  although  the  dip  of  the  Dyas 
and  Trias  is  almost  identical  in  direction  and  amount,  yet 
Mr.  Hull  describes  the  latter  as  really  unconformable  to 
the  former,  and  as  passing  transgressively  over  the  edges 
of  the  component  beds. 

In  Notts  and  Yorkshire,  where  the  Trias  overlies  the 
Magnesian  Limestone,  there  is  a  similar  discordance,  for 
though  they  both  dip  in  the  same  direction,  and  in  single 
sections  appear  to  be  conformable,  yet  in  reality  the  Trias 
is  transgi^essive  across  the  Dyas  as  it  passes  southward 
from  Yorkshire,  overstepping  first,  the  Upper  Marls,  then 
the  Upper  Limestone  (near  Worksop),  next  the  Middle 
Marls  (near  Nottingham),  and,  finally,  to  the  west  of 
Nottingham,  passing  across  the  Lower  Limestone  on  to 
the  Coal-measures.  There  is  therefore  an  unconformity, 
though  it  is  not  nearly  so  great  as  that  between  the  Dyas 
and  the  Carboniferous  rocks. 

In  Cheshire  and  Lancashire  the  Trias  is  spread  uncon- 
formably over  the  Dyas,  Coal-measures,  Millstone  Grit, 
and  Yoredale  rocks.  In  Scotland  it  rests  on  Silurian  and 
Old  Eed  Sandstone.  In  Ireland  the  break  and  unconfor- 
mity is  equally  great  (see  vol.  i.  "  Physical  Geology,"  p. 
389). 

England, 

Southern  District. — In  Devonshire  the  Trias  occupies 
the  coast-line  from  Babbicombe  (near  Torquay)  as  far  as 
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Axmouth,  the  older  beds  lying  to  the  west  and  the  newer 
to  the  east.  According  to  Mr.  W.  A.  E.  Ussher,^  who  has 
carefully  surveyed  this  coast-section  and  the  country  be- 
hind it,  the  beds  seen  may  be  grouped  as  follows  :-r 


5.  Upper  marls 
Upper.  ^  4.  Upper  sandstones  . 

3.  Conglomerates 
J  (2,  Lower  marls 

'  (  1.  Sandstones  and  breccias 


Feet. 
1,000 

460 
80 

460 
1,000' 


He  describes  this  series  as  quite  continuous,  and  regards 
the  Lower  Marls  (2)  as  beds  of  passage  between  the 
Bunter  (1)  and  the  Keuper,  to  which  he  refers  the  higher 
members  (3,  4,  and  5) ;  but  as  similar  marls  occur  above 
the  Bunter  sandstones  in  Germany,  stronger  evidence 
must  be  obtained  before  this  view  can  be  accepted. 

The  basement  breccias  are  chiefly  developed  in  the  south- 
west, near  Teignmouth,  and  consist  of  blocks  and  pebbles 
of  various  sizes,  many  large  enough  to  be  called  boulders : 
these  fragments  have  mostly  been  derived  from  the  De- 
vonian and  Carboniferous  rocks  which  lie  to  the  westward, 
and  which  formed  the  coast-line  of  the  period.  The  upper 
beds  of  breccia  are  not  so  coarse,  and  are  irregularly  inter- 
bedded  with  sandstones  and  marls. 

The  Lower  Marls  are  variegated  red  and  grey,  and  con- 
tain several  beds  of  sandstone  ;  they  occupy  the  slopes  and 
the  low  ground  below  the  ridge  made  by  the  overlying 
beds. 

The  pebble-beds  which  succeed  are  sometimes  loose,  and 
sometimes  compacted  into  conglomerate;  the  pebbles  are 
principally  limestone  (Devonian)  and  sandstone  (Devonian 
and  Carboniferous),  but  at  Budleigh  Salterton  and  Burles- 
combe  the  pebbles  are  sandstones  and  quartzites,  contain- 
ing Silurian  and  Devonian  fossils ;  these  quartzites  have 
probably  been  derived  from  the  southward,  for  rocks  with 
similar  fossils  occur  in  Normandy. 

>  **  Quart.  Joum.  Geol.  Soc.,"  vol.  xxxii.  p.  370. 
'  This  M  the  apparent  thickness,  but  as  there  is  much  oblique  bedding 
the  real  thickness  is  probably  much  less. 
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The  Upper  Sandstones  are  red,  often  mottled  and  streaked 
with  grej,  and  are  chiefly  remarkable  as  pelding  remains 
of  reptiles,  Lahyrinthodon  and  Hyjperodap6d4m} 

The  Upper  Marls  are  red  and  vari^ated ;  they  are  ex- 
posed on  the  coast  at  Seaton,  Sidmouth,  and  Axmouth, 
stretching  inland  by  Ottery  and  Honiton,  and  through  the 
vale  of  Tkunton  to  Bridgwater,  and  thence  north-westerly 
to  Watchet  on  the  Bristol  Channel.  Here  in  north-west 
Somerset  the  lower  stages  are  wanting,  and  only  the  Keuper 
division  remains. 

The  Keuper  Marls  extend  over  a  far  wider  area  than  any 
of  the  lower  beds  ;  and  in  North  Somerset,  Gloucester,  and 
Glamorgan,  none  but  beds  of  this  stage  are  to  be  found. 
Around  the  Mendip  SEills,  and  in  the  Bristol  district, 
wherever  the  old  Palaeozoic  surface  is  exposed,  the  base- 
ment beds  of  the  Keuper  are  conglomerates  of  a  peculiar 
kind.  They  consist  mainly  of  pebbles  of  Carboniferous 
Limestone,  the  majority  as  large  as  a  hen's  egg,  but  rang- 
ing up  to  boulders  of  two  or  three  feet  diameter ;  these 
are  held  together  by  a  calcareous  cement  or  matrix,  gene- 
rally dolomitic,  so  that  the  beds  are  known  as  the  Dolo- 
mitic  Conglomerate ;  calcareous  sandstones  are  sometimes 
associated  with  it,  and  it  passes  beneath  the  red  (Keuper) 
marls  which  form  the  T9iassic  tracts  here  shown  on  a 
geological  map. 

The  conglomerates  are  not,  however,  as  a  whole  older 
than  the  marls,  for  they  occur  at  all  horizons  along  the 
margin  of  that  deposit  and  dovetail  into  it  (see  fig.  54). 
They  are  in  fact  the  ancient  beaches  formed  during  the 
gradual  submergence  of  the  area  in  Upper  Triassic  times. 

The  same  beds  occur  in  Glamorganshire,  near  Cardiff, 
and  west  of  Newton  Nottage.  At  &e  head  of  the  estuary 
of  the  Severn,  the  Trias  is  overlapped  by  the  Lias,  but 
sets  in  again  north  of  Newnham,  and  west  of  Gloucester. 

Midland  Districts. — ^Li  Worcestershire  the  Keuper 
marls  thicken  rapidly  northwards,  and  the  lower  stages  of 
this  division  come  in  gradually  on  the  west,  but  the  Bimter 
sandstones  do  not  appear  till  the  northern  extremity  of  the 
Abberley  EEills  is  reached,  where  they  set  in  and  strike 


1  <( 


Quart.  Journ.  Geol.  Soc.,**  toI.  xzv.  p.  146,  and  toI.  xl.  p.  257. 
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north-east  below  the  escarpment  of  the  Lower  Keuper  Sand- 
stones. A  traverse  from  Droitwich,  through  Kiddermin- 
ster, would  pass  over  the  following  succession  of  beds : — 


Keuper. 


Bunter. 


5.    Bed    marls,    with    rock-salt    and 

gypsum 

4.  Bed  and  yellow  sandstones,  with 
bands  of  conglomerate  and  a  base- 
ment breccia  of  grit  and  quartzite 

pebbles 

3.  Bright  red  sandstone,  mottled  with 
yellow  and  white .... 
'Brownish    red    sandstone,    with 
quartzite  pebbles,  often  be- 
coming a  conglomerate 
Breccia  of  angular  fragments  of 
older  rocks .... 
Bright  red  and  yellow  sandstones  . 


Feet. 
500 


400 
300 

300 

60 
60 

1,620 

The  breccia  of  No.  2  rests  on  an  eroded  and  waterwom 
surface  of  No.  1,  and  the  basement  breccia  of  the  Keuper 
probably  rests  in  a  similar  manner  on  the  surface  of  No.  3. 
Both  indicate  the  introduction  of  powerful  currents  over 
the  area  of  deposition.  The  Keuper  sandstones  (No.  4) 
are  quarried  in  many  places  for  building  stone.  The  brine- 
springs  of  Droitwich  and  Shirleywich  are  derived  from  the 
beds  of  rock-salt  that  occur  in  the  red  marls. 

With  minor  variations  in  character  and  thickness  the 
series  above  described  continues  through  the  counties  of 
Stafford  and  Salop. 

It  is  noteworthy,  however,  that  the  Lower  Mottled  Sand- 
stone thins  out  eastward  against  the  South  Stafford  coal- 
field, and  northward  against  the  Dyas  of  Cheswardine  and 
Darlaston,  the  Pebble  Beds  resting  directly  on  the  older 
rocks  of  these  districts.  Li  North  Staffordshire  the  Upper 
Mottled  Sandstone  also  thins  out,  so  that  in  the  Alton  dis- 
trict and  in  Derbyshire,  about  Ashbourne,  the  hard  white 
conglomerate  at  the  base  of  the  Keuper  rests  upon  the  soft 
pebbly  sandstone  of  the  middle  division  of  the  Bunter. 
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This  conglomerate  is  abont  forty  feet  thick,  and  passes  up 
into  white  freestones  with  bands  of  marl  (150  feet).  The 
Alton  district  is  traversed  by  several  faults  ranging  east 
and  west,  which  produce  repetitions  of  the  conglomerate 
escarpment. 

In  Warwick  the  Bunter  division  is  only  found  near  the 
Birmingham  and  Sutton  coalfield ;  it  comprises  some  250 
feet  of  the  Pebble  Beds  and  Upper  Mottled  Sandstone.  In 
Leicestershire  the  Pebble  Beds  alone  remain,  and  they  also 
thin  out  along  a  line  passing  across  the  centre  of  the  coal- 
field, east  of  which  the  Lower  Keuper  Sandstone  rests 
directly  on  the  Coal-measures,  and  is  banked  against  the 
Cambrians  at  the  north  end  of  Chamwood  Forest. 

The  base  of  the-  Keuper  here  is  usually  a  band  of  red 
clay  (with  nodules  of  haematite),  on  which  rests  a  bed  of 
quartzose  gravel,  becoming  a  breccia  of  slate  and  porphyry 
as  it  approaches  the  Charnwood  area.  This  is  overlain  by 
white  sandstones  (Waterstones)  with  bands  of  red  shale, 
sim-cracked  and  ripple- marked.  Total  thickness  of  Lower 
Keuper  100  to  150  feet. 

The  Upper  Keuper  consists  of  red  marls  with  occasional 
beds  of  white  micaceous  sandstone,  and  a  thick  bed  of 
gypsum  at  Chellaston.  Its  thickness  is  600  feet.  It  wraps 
round  the  south  side  of  the  Chamwood  area,  overlapping  the 
Waterstones. 

Nottingham  and  York.  —  Near  Nottingham  the 
Bunter  beds  again  make  their  appearance  from  beneath 
the  Keuper,  and  range  northward  in  a  continuous  strip  be- 
tween the  latter  and  the  Dyas.  The  Upper  Mottled  Sand- 
stone is,  however,  absent  throughout  this  eastern  area, 
and  the  whole  of  the  Bunter  appears  to  thin  out  and  dis- 
appear in  Yorkshire.  Near  Nottingham  the  succession  is 
as  follows : — 

•  Feet. 

'  Bed  marls,  with  much  gypsum,  and  beds 

of  sandstone  near  the  base  .        .     600 
Keuper.    -  Waterstones,  with  pebbly  or  conglo- 
meratic base         .... 
I  White  sand  and  pebble  beds 
-D     .  {  Yellow  sandstones,  coarse  and  pebbly  .     300 

isunter.     ^  Lo^er  Mottled  Sandstone  .        .    25  to  100 

II.  T 


K 


•«»qi?M  'a 


N2 


/ 


'IlOMq^nog  - 


*uo9xo 


•naa^  'h 

•pjuiljox.— 


•mn  ^qSesis 


a 

I 

s 

e 


§ 


X 


^    I 


I 

II 

P   Q   o   S 


*«   ^<>   «3 


« 


a 


I 


il 


I 

o 


••  •« 


rM 


^    s 


•    ^ 


a 

I 

a 
« 


I 


X 

g 

s 
H 

o 

.a 

« 

I 

CO 


a 


6 

c: 
o 

■** 

I 


hi 


a 


^   n 


1 


«^<>  e 


a 
^  JS'2 


*  5 


It 

.    a  s 

Q    9   9 


^    PS 


•*fKS   ^ 


I 


CHAP,  vin.] 


TBIASSIC   SYSTEM. 


275 


The  Lower  Biinter  Sandstone  is  of  a  bright  red  or 
orange  colour ;  it  is  traceable  into  Yorkshire,  and  is  believed 
to  extend  as  far  as  Eipon,  beyond  which  it  is  either  absent 
or  is  indistinguishable  from  the  Keuper  sandstones  which 
there  overlie  it. 

The  Bunter  Pebble  Beds  form  the  rock  on  which  Notting- 
ham Castle  stands,  where  they  consist  of  a  coarse  yellowi^ 
sandstone  full  of  quartzite  pebbles.  They  range  north- 
ward through  Sherwood  Forest,  by  Worksop,  Tickhill,  and 
Doncaster,  but  it  is  doubtful  whether  they  extend  far  be- 
yond the  last  place.  The  sandstone  passes  sometimes  into 
loose  red  and  yellow  pebbly  sands,  and  sometimes  into  a 


Fig.  57.    Junction  of  Kenper  and  Banter  near  Nottingham. 

d,  Watentonea.  b.  White  Sand. 

c.  Conglomerate.  a.  Pebble  Beds. 

hard  conglomerate.  The  pebbles  are  everywhere  the  same, 
principally  quartzite  and  quartz,  with  a  few  fragments  of 
soft  sandstone  and  black  chert. 

The  basement  bed.  of  the  Keuper  division  near  Notting- 
ham is  an  irregular  deposit  of  white  sand,  which  rests  on 
an  eroded  surface  of  the  Bunter  Pebble  Beds  (see  fig.  67), 
and  varies  from  a  few  inches  to  many  feet  in  thickness. 
Mr.  J.  Shipman  has  recently  described  certain  pebbly  sand- 
stones more  than  100  feet  thick,  which  he  regards  as  repre- 
senting this  deposit. 

The  Waterstones  which  succeed  generally  have  a  pebbly 
or  conglomeratic  bed  at  the  base,  and  this  rests  sometimes 
on  the  white  sand  deposit,  and  sometimes  directly  on  the 
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Bunter,  but  always  on  an  eroded  surface,  so  that  it  seems 
to  be  unconformable  to  the  beds  below.  The  pebbles  are 
chiefly  quartz  and  quartzite,  but  Mr.  Shipman  has  detected 
fragments  of  trap,  slate,  chert,  and  magnesian  limestone. 
The  Waterstones  themselves  consist  of  soft  brown  sand- 
stones interstratified  with  red  marls,  which  cause  plentiful 
springs  by  throwing  out  the  water  collected  in  the  sand- 
stones. Bipple-marks  and  sun-cracks  are  frequent  in  these 
beds. 

There  is  no  marked  line  of  division  between  the  Water- 
stones  and  the  Keuper  Marls;  the  marl  bands  become 
thicker,  but  still  contain  beds  of  sandstone  in  the  lower 
150  feet,  though  these  sandstones  are  harder  and  generally 
white  or  bluish-grey ;  gypsum  occurs  in  the  marls,  and  the 
higher  beds  are  chiefly  marl  with  sheets  and  nodules  of 
gypsum. 

In  Yorkshire  the  Keuper  appears  to  be  some  1,500  feet 
thick,  and  is  only  capable  of  division  into  an  upper  red 
marl  group,  about  300  feet  thick,  aud  a  lower  series  of  red 
and  whit^  sandstones  interstratified  with  red  marls  and 
with  beds  of  salt  and  gypsum  (1,200  feet).  The  salt  rock 
of  the  Middlesborough  borings  is  100  feet  thick,  and  lies 
at  the  very  base,  resting  on  magnesian  limestone  (see 
p.  239). 

Cheshire  and  Lancashire.  —  The  Trias  of  these 
counties  is  a  continuation  of  the  Shropshire  series,  but  at- 
tains a  greater  development,  the  average  thickness  of  the 
several  stages  being  as  follows : — 


Keuper. 


Bunter. 


(  Marls  and  Upper  Sandstone 

(  Lower  Sandstones  (Waterstones) 

( Upper  Mottled  Sandstone  . 

<  Pebble  Beds  .         .  ^     . 

I  Lower  Mottled  Sandstone  .  *     . 


Feet. 

1,500 
400 
500 

m 

400 


3,400 

Bunter. — ^Near  Chester  the  lowest  beds  are  seen  to  rest 
on  the  purple  shales  and  sandstones  of  the  Millstone  Grit, 
the  basement  being  a  dark  purple  breccia  (10  feet  thick), 
passing  up  into  coarse  sandstones,  soft,  and  coloured  red. 
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yellow,  and  white.  This  division  ranges  northward  to  the 
Mersey,  and  then  eastward  along  the  south  border  of  the 
Lancashire  coalfield,  but  thins  in  that  direction,  and  does 
not  occur  at  Manchester  or  Stockport. 

The  Pebble  Beds  are  well  seen  at  Holt,  on  the  river 
Dee,  where  their  base  is  a  breccia,  succeeded  by  soft  red- 
streaked  sandstone  overlain  by  pebbly  sandstone,  the  whole 
series  resembling  that  at  Bridgnorth.  Near  Liverpool  and 
St.  Helens  they  consist  of  red-brown  pebbly  sandstones  not 
less  than  600  feet  thick,  and  eastward  by  Wigan,  Man- 
chester, and  Stockport,  they  overlap  the  Lower  Mottled 
Sandstone,  so  as  to  rest  on  the  Dyassic  and  Carboniferous 
rocks. 

The  Upper  Mottled  Sandstone  ranges  along  the  flanks 
of  the  Peckf  orton  Hills,  through  Delamere  Forest,  to  *Run- 
com  and  Warrington,  and  thence  through  West  Lancashire 
by  Liverpool  and  Ormskirk.  Its  only  peculiarity  is,  that 
while  the  lower  part  is  of  the  usual  red  colour  streaked 
with  white,  the  upper  part  is  of  bright  yeUow. 

The  whole  of  the  Bunter  is  said  to  thin  out  north  of 
Ormskirk,  and  to  be  absent  at  Preston,  just  as  it  disappears 
near  Kipon  on  the  eastern  side  of  the  Pennine  Chain. 

Sandstones  of  Bimter  age  border  the  north  coast  of 
Flintshire,  and  run  up  the  valley  of  the  Clwyd  as  far  as 
Euthin. 

Keuper, — The  base  of  the  Keuper  division  is  always 
pebbly,  and  sometimes  (as  at  Peckforton)  becomes  a  hard 
calcareous  conglomerate.  This  is  succeeded  by  hard  red, 
yellow,  and  white  sandstones  (200  feet  thick,  and  quarried 
for  building  stone) ;  above  which  are  the  Waterstones — 
brown  micaceous  flagstones,  with  red  and  grey  shales  at 
their  base  (together  200  feet  in  Delamere  Forest  and  at 
Liverpool). 

The  Peckforton  Hills  rise  to  heights  of  800  and  900  feet, 
and  a  series  of  strike-faults  has  led  to  the  development  of 
a  succession  of  nearly  parallel  escarpments,  the  western 
slopes  of  which  consist  of  the  soft  Bunter  sandstone,  while 
the  rock  forming  their  summits  is  the  hard  basement  con- 
glomerate of  the  Keuper. 

Near  Liverpool  (as  at  Scarth  Hill)  the  Keuper  is  found 
to  rest  on  a  deeply  eroded  surface  of  the  Bunter  sandstone. 
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and  a  section  on  the  railway  near  Ormskirk  shows  actual 
unconformity,  the  coarse  pebbly  sandstone  passing  across 
the  edges  of  the  lower  beds  from  west  to  east  (see  fig.  58). 
At  Preston  the  Keuper  rests  on  Carboniferous  rocks. 

The  upper  red  and  grey  marls  contain,  as  elsewhere, 
layers  of  gypsum  and  beds  of  rock-salt  from  70  to  100 
feet  thick.  These  are  worked  by  shafts  and  pits  at 
Northwich,  but  elsewhere  it  is  obtained  in  the  form  of 
brine  from  borings,  the  water  percolating  through  the  beds 
dissolving  the  salt  and  being  pumped  up  the  bore-hole. 
The  thickness  of  these  saliferous  marls  in  Cheshire  is 
yery  great,  being  estimated  by  Professor  Hull  at  about 
3,000  feet.  Their  most  northerly  point  of  occurrence 
in  Lancashire  is  Fleetwood,  near  which  place  a  boring 


Fig.  58.    Cutting  on  the  railway  near  Ormskirk. 
d.  Reaper  sandstone.  6.  Dull  red  sandstone. 


c.  Yellow  sands. 


a.  Mottled  sandstone. 


passed  through  red  marls  (258  feet)  and  rock-salt  with 
layers  of  shale  for  266  feet. 

The  Carlisle  Basin. — This  includes  thecoimtry  from 
the  neighbourhood  of  Carlisle  westwards  on  either  side  of 
the  Solway  Firth,  and  is  therefore  partly  in  England  and 
partly  in  Scotland.  The  Triassic  beds  here  are  different 
from  those  in  Lancashire,  and  the  succession  is  given  by 

Mr.  T.  V.  Holmes  as  follows : — 

Feet. 
jj  /  Stanwix  marls         .        .        .      ?  100 

^PP«r-^   Kirklinton  sandstone       .         .         500 
T  i  Gypseous  shales       .        .        .         700 

ix)wer.  ^   p  g^  g^g  sandstone         .        .       1500 

Lower  Beds. — ^The  possibility  of  the  St.  Bees  sandstone 
being  of  Triassic  age  was  mentioned  at  p.  246.  It  forms 
the  outer  rim  of  the  Carlisle  Basin.  The  gypseous  shales 
have  been  proved  in  several  borings,  but  are  not  seen  at 
the  surface,  and  only  occur  in  the  south-western  half  of 
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the  basin.  Mr.  Holmes  writes,' — **  The  St.  Bees  sandstone 
and  gypseous  shales  had  evidently  been  planed  down  by 
denudation  before  the  Kirklinton  sandstone  was  deposited 
above  them.  This  denudation  appears  to  have  been  greater 
toward  the  north-east  end  of  the  basin  than  about  the  centre ; 
thus,  while  at  Great  Orton  132  feet  of  the  gypseous  shales 
were  left,  at  Netherby  not  only  were  these  shales  swept 
away,  but  much  of  the  St.  Bees  sandstone  also." 

Upper  Beds, — The  Kirklinton  sandstone  consists  of 
bright  red  current-bedded  sandstone  in  the  lower  part,  but 
the  higher  beds  are  chiefly  white  and  grey  sandstones. 

The  Stanwix  marls  are  only  found  in  the  centre  of 
the  basin  about  Harker  and  Blackford,  between  the  rivers 
Lyne  and  Eden ;  they  appear  to  be  slightly  imconf  ormable 
to  the  Kirklinton  sandstone,  resting  partly  on  the  red 
portion,  and  partly  on  the  white  beds  of  that  formation. 
They  are  red  and  grey  in  colour,  and  are  clearly  the  repre- 
sentatives of  the  Keuper  marls.  Their  surface  is  obscured 
by  drift,  and  their  exact  thickness  is  not  known,  but  is 
probably  less  than  100  feet. 

These  upper  beds  of  the  Carlisle  Basin  may  be  compared 
with  the  Keuper  division  in  Yorkshire,  the  succession  being 
similar — red  and  white  sandstones  at  the  base,  overlarn  by 
an  unusually  small  thickness  of  marl. 


Scotland. 

Western  Isles. — Conglomerates,  sandstones,  and  marls 
referable  to  the  Trias  occur  below  the  Jurassic  series  in  Skye 
and  some  of  the  Western  Isles,  as  well  as  at  Gruinard  Bay, 
Ardnamurchan,  and  Morvem  on  the  mainland. 

The  following  account  is  taken  from  Professor  Judd's 
description.^  The  materials  forming  the  breccias,  con- 
glomerates, and  coarser  sandstones  have  evidently  been 
derived  from  the  older  rocks  on  which  these  strata  repose, 
usually  either  the  Torridon  sandstone  or  some  member  of 

*  '*  Water  Supply  in  the  Carlisle  Basin,  Trans.  Camb.  Assoc.,"  No. 
▼iiL  p.  21. 
'  **  Quart  Joom.  Geol.  Soc.,"  toL  xxziv.  p.  6S6. 


280  NEOZOIC    BOCKS.  [PAJStT  V. 

the  Highland  gneissic  series.  A  special  feature  in  the 
Triassic  rocks  of  this  region  is  the  abundance  of  calcareous 
matter  which  enters  into  their  composition.  Fragments  of 
compact  limestone  (?  Durness  limestone)  abound  in  the 
coarser  beds;  the  sandstones  often  pass  into  calcareous 
grits,  and  bands  of  comstone  are  not  unf  requent,  while  all 
the  beds  are  frequently  traversed  by  veins  of  calcspar.  As 
a  rule,  the  breccias  and  conglomerates  prevail  in  the  lower 
part  of  the  series;  sandstones,  marls,  and  limestones  in  the 
upper  part,  but  everywhere  the  succession  of  beds  is  very 
irregular  and  inconstant.  At  Gruinard  Bay  the  total  thick- 
ness exceeds  1,000  feet ;  at  Raasay  it  is  probably  less  than 
500  feet,  though  the  general  succession  is  the  same;  at 
Lussay,  in  Skye,  it  is  reduced  to  a  few  feet,  but  southward, 
in  parts  of  Mull  and  Morvern,  it  is  probably  not  less  than 
1,200  feet  thick. 
The  following  is  the  succession  at  Gruinard  Bay : — 

Feet 
Soft  reddish  argillaceous  and  sandy  beds, 
with  bands  of  hard  white  and  greenish 

sandstone 200 

Bed  and  variegated  marls,  with  thin  beds 

of  sandstone  and  comstone .        .         .        200 
Bed  argillaceous   sandstones    and    con- 
glomerates, alternating  in  the   lower 
part  with  masses  of  coarse  breccia- 
conglomerate       500 

In  Morvern  the  concretionary  limestones  which  occur 
in  the  marly  division  are  sometimes  of  considerable  thick- 
ness, and  are  very  much  like  the  cherty  rock  of  Stotfield 
on  the  north-east  coast.  No  fossils  have  been  found, 
except  some  casts  of  bivalves  (?  Cyrena)  in  sandstone  at 
Ardtomish. 

North-East  Coast. — Small  tracts  of  Trias  are  also 
foimd  in  Elgin  on  the  south  side  of  the  Moray  Firth,  and 
near  Dunrobin  Castle  in  Sutherland.  The  lowest  beds  are 
pale  yellow  ripple-marked  sandstones,  with  ripple-marks, 
sim-cracks,  and  reptile-tracks  ;  they  have  yielded  bones  of 
StcLgonolepis,  Hyperodapedon,  and  Telerpetan,  and  teeth  of 
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the  fish  Ceratodus.  Above  these  sandstones  is  a  curious 
hard  silicious  limestone  or  chert,  known  as  the  Stotfield 
Bock  and  about  thirty  feet  thick,  but  destitute  of  fossils. 


Ireland, 

Triassic  rocks  are  only  found  in  the  north-eastern  part  of 
Ireland,,  and  he  in  an  oval-shaped  basin  excavated  out  of 
the  PalsBozoic  rocks,  but  only  small  tracts  are  exposed,  the 
greater  portion  of  the  area  being  concealed  by  newer  rocks. 
A  small  outlying  tract  of  Trias  occurs  near  Kingscourt, 
CO.  Cavan,  about  thirty  miles  south  of  the  main  outcrop 
in  Tyrone;  this  is  specially  interesting  as  proving  that 
the  Trias  had  formerly  a  southern  extension  in  this 
direction. 

On  the  borders  of  Tyrone  and  Armagh  there  are  bright 
red  sandstones,  belonging,  it  is  supposed,  to  the  Bunter, 
but  no  good  sections  are  known.  They  pass  eastward  be- 
neath the  Tertiary  Basalt  of  Portadown. 

The  largest  area  of  Trias  occurs  in  the  valley  of  the 
Lagan,  and  extends  from  Lurgan  to  Belfast,  and  thence 
along  the  northern  shore  of  Belfast  Lough,  as  far  as  Bally- 
castle  ;  an  arm  of  it  also  passes  across  from  Belfast  to  the 
northern  shore  of  Strangford  Lough.  Rock-salt  is  found 
near  Carrickfergus,  and  the  general  succession  in  this  tract 
is  as  follows  ^ : — 

Feet. 

[  Red  marls,  with  gypsum    .         .         .      800 

Keuper.    -J  Rock-salt  and  blue  clays   .        .        .150 

( Brownish  sandstones  .     perhaps        20 

Ti     tp       i  ^^^  ^^  ^^^  yellow  sandstones     .  f      -.  qqq 
(  Red  sandstones  and  yellow  shales  /        * 

Narrow  tracts  of  Trias  are  found  in  the  north  of  Tyrone 
and  in  Londonderry,  but  only  a  small  thickness  is  exposed 
before  they  pass  beneath  the  Cretaceous  series. 

^  Kinahan,  *•'  Geology  of  Ireland,"  p.  137. 
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Volcanic  Bocks. 

Devonshire  is  the  only  part  of  Britain  where  contempo- 
raneous lavas  occur  in  the  Trias.  They  were  described  by 
Sir  H.  De  la  Beche  fifty  years  ago,  and  more  recently  by 
Mr.  W.  Vicary.*  They  occur  in  the  Lower  Sandstone  group, 
and  the  lavas  are  peculiar,  most  of  them  consisting  of 
plagioclase,  orthoclase,  an  abimdance  of  mica,  some  horn- 
blende, and  much  haematite ;  in  colour  they  are  dark  red 
or  purple,  and  may  be  termed  mica-traps  or  minettes. 
Elillerton  Park  is  described  as  having  the  aspect  of  a  vol- 
canic centre,  the  lava  becoming  scoriaceous  and  ashy  in 
the  outer  portions  toward  Budlake  and  Silverton.  De  la 
Beche  describes  the  Tiverton  area  in  similar  terms,  and 
states  that  the  dark  micaceous  lava  is  covered  by  volcanic 
detritus  containing  angular  blocks,  some  of  wluch  weigh 
as  much  as  a  ton.  Ejiowle  Hill  consists  of  a  compact  por- 
phyritic  lava  which  may  have  been  the  centre  whence 
came  the  lavas  and  ashes  that  are  found  at  Pocombe  and 
Northemhay.  Other  large  volcanic  masses  occur  near 
Haldon,  North  Fawton,  and  Crediton,  some  of  the  lava- 
flows  being  highly  vesicular,  and  others  exceedingly  com- 
pact. 


Continental  Equivalents. 

Germany. — The  German  Trias  falls  naturally  into 
three  great  groups  or  series,  as  already  mentioned  (p.  259). 

1.  Btmter, — This  is  essentially  a  sandstone  series,  as  in 
England.  Its  lowest  beds  are  dark  red,  thin-bedded,  or 
shaly  sandstones  (Bunter-schiefer),  which  were  regarded 
by  Murchison  as  the  uppermost  members  of  the  Permian 
(Dyas),  but  G^einitz  shows  that  they  lie  unconformably  on 
the  Zechstein,  and  pass  up  into  the  true  Bunter.'  The  rest 
of  the  Lower  Bunter  consists  of  red  and  variegated  sand- 
stones and  marls,  with  beds  of  gypsum  and  dolomite.    The 

'  "  Trans.  Dov.  Assoc,  for  Advance,  of  Science,  Lit.,  and  Art,"  1866. 
3  See  Irying  in  **  Quart.  Joum.  Geol.  Soc.,"  1884,  p.  389. 
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middle  beds  are  coarse  sandstones,  and  the  highest  are  red 
and  green  marls  with  marine  shells  (Myophorta  costata), 

2.  Muschelkalk. — This  is  a  limestone  series  from  600  to 
1,000  feet  in  thickness,  and  divisible  into  three  stages  as 
follows,  in  descending  order : — 

c.  Thin-bedded  limestones  and  dolomites  (Wellen- 
kalk),  with  a  few  fossils  (Myophorta  orhicularia, 
Encrinus  liliiformia). 

6.  Mai'ls  with  anhydrite  and  rock-salt ;  no  fossils  ex- 
cept bones  of  Reptiles. 

a.  Bedded  limestones,  yellowish  or  reddish  grey,  full 
of  fossils  (see  p.  263),  some  beds  being  wholly 
made  up  of  Crinoid  stems. 

In  the  Yosges  country  west  of  the  Rhine,  some  of  the 
limestones  are  replaced  by  sandstones  and  marls,  the  whole 
series  becoming  thinner  and  thinner,  till  at  last  (at  the 
Attert)  it  has  dwindled  to  a  mere  band  only  four  feet 
thick.  This  westerly  ^attenuation  of  the  Muschelkalk  ex- 
plains its  entire  absence  in  England. 

3.  Keuper, — The  basement  group  of  this  series  consists 
of  dark  grey  shales  and  sandstones  with  thin  beds  of  earthy 
coal  (Kohlenkeuper) ;  some  of  the  beds  contain  marine 
shells  (ChrviUia,  Linguld),  others  are  crowded  with  the 
small  crustacean  Edheria  minuta.  This  group  is  about 
250  feet  thick,  and  is  succeeded  by  red  and  green  marls 
with  thin  sandstones  exactly  like  the  mass  of  the  Keuper 
in  England,  and  having  a  maximum  thickness  of  1,000 
feet. 

Alpine  Region. — The  Trias  of  the  Alps  is  a  marine 
formation,  and  gives  us  a  much  more  complete  record  of 
the  period  and  the  marine  creatures  which  then  existed. 
It  has  no  great  thickness  in  the  Central  Alps,  but  attains  a 
great  development  in  the  well-known  Dolomite  Mountains 
of  the  South  Tyrol  and  Camic  Alps,  and  also  in  the 
Vorarlberg,  North  Tyrol,  Salzburg,  and  Bavaria,  on  the 
northern  side  of  the  main  crystalline  axis.  The  following 
are  the  successive  stages  in  these  northern  and  southern 
districts  respectively,  the  total  thickness  in  the  former 
being  about  6,000  feet : — 
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Upper  Trias* 


Southern  Area, 


Baible  Beds;  shales  and 
marls,  with  many  fossils, 
CardUa  subcrenaia.  Halo- 
hia  rugosa,  and  Am.flarU 
due. 

The  Schlem  Dolomite ;  more 
than  3,000  feet  thick,  but 
with  few  fossils. 

St.  Cassian  Beds,  volcanic 
ash  with  marlj  bandd 
full  of  fossils.  Am,  aon, 
Cidaris  doreata. 


Northern  Area. 


Carditacrenaia'Beda;  shales, 
limestones,  and  sand- 
stones, with  C,  crenata, 
H,  rugosa,  A,fioridus, 

The  Wetterstein ;  white  lime- 
stones, with  Ammonites, 
Orthoceras,  and  many 
corals. 

Marls  with  St.  Cassian  fos- 
sils at  base  of  the  Wetter- 
stein. 

Red  "  Plattenkalk." 


Middle  Trias. 


Wengen  Beds;  dark  lime- 
stones and  shales  with 
Halohia  Lomelli. 

Mendola  Dolomite. 


Partnach  beds ;  shales,  and 
limestones,  with  plants. 

Yirgloria  limestone  in  two 
stages  as  below. 

h.  Cephalopod  beds,  Am.  8tU' 
deri  and  Ceratites  hinodoaus, 

a,  Brachiopod  beds,  Retzia  tri- 
ffonella,  Spirtferitui  Menteeli. 


Lower  Trias  (Bunter), 


Campil  shales  and  lime- 
stones, with  OervUlia  cos- 
tata,  Pleuromya  fassaensis 
and  Naticella  cosiata, 

Q-r5den  sandstones,  red  and 
white,  with  VoUzia  and 
^thophyUum, 


G-uttenstein  Beds ;  dark  lime- 
stones, with  red  and  green 
shales. 

Werfen  Beds;  red  shales 
and  sandstones,  with  gyp- 
sum and  rock-salt. 
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Physical  Geogeaphy. 

It  is  uncertain  whether  the  pre-Triassic  elevation  and 
tilting  of  the  Dyassic  rocks  involved  the  partial  desiccation 
of  the  Dyassic  lakes,  and  the  upheaval  of  the  greater 
portion  of  their  area  into  dry  land.  This  may  have  been 
the  case,  and  the  great  change  which  took  place  in  the 
fauna  and  flora  certainly  seems  to  indicate  the  lapse  of  a 
long  period  of  time ;  but  if  so,  the  upheaval  must  have 
been  a  bodily  elevation  of  the  Dyassic  continent  around 
these  lakes,  and  the  subsequent  depression  must  have  been 
similarly  equable  and  co-extensive,  since  the  lowermost 
Triassic  beds  occupy  nearly  the  same  areas  as  the  Dyassic. 

Professor  Eamsay  compares  the  geographical  conditions 
of  northern  Europe  during  Triassic  times  to  those  of  central 
Asia  at  the  present  time,  where  from .  the  Caspian  Sea  for 
3,000  miles  to  the  eastward  and  far  south  toward  the  Him- 
malayah  there  is  a  comparatively  rainless  district  in  which 
all  the  lakes  are  salt,  except  those  which  have  an  outlet  to 
some  lower  lake. 

The  unrepresented  period  of  time  between  the  epochs  of 
the  Dyas  and  Trias  may  have  been  more  especially  a  rain- 
less one,  during  which  the  European  lakes  shrank  to  a 
minimum ;  geographical  changes  may  then  have  increased 
the  rainfall,  causing  the  lakes  to  fill  again  and  new  deposits 
to  be  formed  in  them,  for  the  area  of  the  lake-basins  would 
always  vary  with  the  annual  amount  of  rainfall,  and  with 
the  extent  to  which  communication  was  opened  up  from 
time  to  time  with  the  outside  sea.  We  know  that  open 
sea  existed  in  southern  Europe,  the  Alps  not  then  exist- 
ing as  moTmtains),  and  that  at  one  time  submergence 
allowed  it  to  spread  northward  over  Q-ermany,  causing 
the  intercalation  of  the  marine  Muschelkalk  between  the 
Bunter  and  Keuper  of  that  country;  but  the  effect  of 
this  depression  does  not  appear  to  have  extended  beyond 
the  east  of  France,  and  was  not  felt  in  England,  where, 
on  the  contrary,  there  may  have  been  a  partial  elevation. 
All  the  north  and  centre  of  France  seems  to  have  been  high 
land  throughout  the  Triassic  period,  parts  of  it,  according 
to  MM.  Comet  and  Briart,  rising  into  lofty  peaks  16,000  to 
20,000  feet  above  the  sea-level  of  the  time. 
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In  Keuper  times  there  seems  to  have  been  an  eleva- 
tion of  the  whole  northern  area,  converting  it  into  a  region 
of  great  lakes  which  were  probably  more  or  less  isolated 
from  one  another,  and  in  which  the  thick  beds  of  red  sand- 
stone, marl,  and  rock-salt  were  laid  down.  The  ripple- 
marks,  sun-cracks,  and  reptile-tracks  so  frequent  on  the 
surface  of  the  Keuper  standstones,  show  that  the  volume 
of  the  lake- waters  was  subject  to  variations,  and  that  there 
were  times  when  tracts  of  sand  were  exposed  and  dried  in 
the  sun,  and  on  these  the  strange  reptiles  of  the  period 
have  left  their  footmarks.  It  was  also  principally  during 
such  times  of  partial  desiccation  that  the  beds  of  rock-salt 
and  gypsum  were  deposited  by  precipitation  from  the 
saline  waters. 

Confining  our  view  now  to  the  area  of  the  British 
Islands,  we  find  in  early  Triassic  times  three  separate  areas 
of  deposition :  one  in  the  south,  where  the  Devon  and 
Dorset  Trias  was  formed ;  one  in  the  north-west,  over  the 
site  of  the  western  Dyas  lake ;  and  one  in  the  north-east, 
which  was  probably  a  long  and  comparatively  narrow  tract 
boTmded  both  on  the  east  and  west  by  ranges  of  moun- 
tains. The  southern  lake  was  separated  from  the  northern 
water-system  by  an  eastward  prolongation  of  the  Mendip 
Hills  Tmtil  the  epoch  of  the  Keuper  beds,  when  this 
barrier  was  overflowed,  and  the  southern  basin  became  an 
arm  of  the  great  inland  sea  of  the  Keuper. 

Let  us  first  consider  the  conditions  which  prevailed  in 
the  southern  area  during  Bunter  times ;  we  find  it  boimded 
on  the  west  and  south  by  continuous  and  probably  moun- 
tainous land  extending  from  Wales,  through  Devon  and 
Cornwall,  to  France  and  Belgium,  ihe  shores  of  the  lake 
running  across  from  South  Devon  (Torquay)  to  Normandy, 
where  there  is  a  small  area  of  Trias,  though  it  is  doubtful 
whether  any  of  it  is  of  Bunter  age.  The  Bristol  Channel 
was  a  fiord  narrowing  westward  instead  of  eastward  as 
now,  and  there  were  other  similar  inlets  or  fiords  running 
westward  into  the  Devonshire  mountains.  On  the  east 
and  north  this  lake  was  bounded  by  a  projecting  mass  of 
land  which  stretched  from  Belgium  through  the  east  of 
England  and  was  united  to  Wales  by  an  isthmus  over 
the  present  coimties  of  Worcester,  Gloucester,  and  North 
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Somerset.  The  Mendip  Hills  were  part  of  this  isthmus, 
and  its  eastern  extension  is  proved  by  the  borings  men- 
tioned on  p.  265. 

The  western  coasts  of  this  lake  were  steep  and  rocky 
mountainous  tracts  of  Palaeozoic  rocks,  probably  coming 
dose  to  its  shores,  just  as  the  Maritime  Alps  border  the 
shores  of  the  Biviera.  It  seems,  indeed,  as  if  the  condi- 
tions under  which  the  lower  breccias  and  pebbly  sand- 
stones of  Devonshire  were  accumulated,  must  have  been 
very  similar  to  those  which  have  long  existed  in  the  Biviera. 
Sir  Charles  Lyell  describes  some  remarkable  deposits  near 
Nice ;  ^  there  torrents  from  the  Alps  bring  down  vast 
quantities  of  detritus,  fine  in  summer,  coarse  in  winter, 
and  this  is  poured  into  the  Mediterranean,  and  deposited 
in  slanting  layers  immediately  outside  the  mouths  of  the 
torrents,  the  shore  being  so  steep  that  depths  of  2,000  and 
3,000  feet  are  found  within  half  a  mile  of  the  beach.  An 
elevated  delta  of  this  kind  can  be  studied  in  the  valley  of 
the  Magnan  (near  Nice),  where  inclined  beds  of  sand,  marl, 
gravel,  and  conglomerate  succeed  one  another  in  cliffs  200 
to  600  feet  high  for  a  distance  of  nine  miles ;  if  their  in- 
clination were  assumed  to  be  a  dip,  this  would  give  a  thick- 
ness of  many  thousand  feet,  whereas  their  real  thickness 
cannot  be  proved  to  be  even  1,000. 

Similar  accumulations  are  probably  frequent  where  the 
conditions  are  similar,  and  the  aspect  of  the  coarse  sand- 
stones of  Teignmouth  and  Dawlish,  with  their  angular 
fragments  of  local  rocks,  seem  to  be  torrential  deposits  of 
this  kind.  The  overlying  marls  may  indicate  submergence 
which  carried  the  coast-line  farther  west,  and  so  allowed 
a  finer  sediment  to  rest  upon  the  coarse  shore-beds. 

The  pebble-beds  of  Budleigh  Salterton  testify  to  the 
existence  of  strong  currents,  which  appear  to  have  set  from 
the  southward,  for  it  has  been  shown  that  the  quartzites 
are  identical  in  character  and  fossil  contents  with  certain 
quartzites  of  Ordovician  age  in  Brittany,*  viz.,  the  Q-res 
Armoricain  (Uandeilo)  and  the  QtriB  de  May  (Bala). 
There  is  little  doubt,  therefore,  that  these  pebbles  were 

^  *'  Students'  Elements  of  Geology,"  fourth  edition,  1885,  p.  20. 
'  Daridaon,  "  Geol.  Mag.,"  Dec.  2,  vol.  vii.  p.  337. 
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brought  either  from    Brittany    or    from    land  between 
Brittany  and  Cornwall. 

Whether  the  northern  areas  were  at  this  time  lake-basins 
or  low-lying  terrestrial  surfaces  on  which  suba^rial  deltas 
were  accumulated  is  very  uncertain.  Professor  Eamsaj 
suggests  a  lacustrine  origin  for  the  whole  of  the  British 
Trias,  but  Professor  Bonney  remarks  *  that  "  the  number 
and  size  of  the  pebbles  (in  the  Bunter)  seem  to  point 
to  the  action  of  strong  currents,  such  as  would  only 
occur  in  an  open  sea  or  in  the  delta  of  a  large  river.  The 
average  Staffordshire  pebbles  would  require  a  current  of 
about  three  miles  an  hour  to  sweep  them  along.  Larger . 
pebbles,  up  to  six  or  eight  inches  in  diameter,  are  by  no 
means  infrequent."  That  the  currents  were  marine  is 
very  improbable,  therefore,  Professor  Bonney  argues,  we  are 
compelled  to  regard  the  pebble-beds  as  river-deposits,  and 
the  Bunter  generally  as  a  delta  formation. 

Where  the  quartzite  pebbles  came  from  is  another 
puzzling  question.  A  Scotch  origin  has  been  suggested 
for  them,  and  Professor  Bonney  finds  that  many  of  them 
are  identical  in  microscopic  characters  with  the  quartzite  of 
Boss- shire,  while  others  are  like  the  harder  parts  of  the 
Torridon  sandstone.  The  pebbles  of  these  two  varieties 
may  have  been  originally  embedded  in  the  Old  Red  Sand- 
stone conglomerates,  which  are  known  to  occur  as  far  south 
as  Arran  and  Ayrshire,  and  these  being  exposed  to  erosion 
in  Triassic  times,  would  yield  their  pebbles  to  the  younger 
formation.  Pebbles  of  felstone,  resembling  Scotch  rocks 
of  that  class,  are  also  by  no  means  rare.  There  are,  how- 
ever, pebbles  of  a  third  kind  of  quartzite  in  the  Bimter 
beds  of  Staffordshire,  which  do  not  appear  to  have  travelled 
so  far,  for  these  contain  fossils  of  Llandovery  species,  and 
have  probably  been  derived  from  the  quartzite  of  the  Lickey 
Hills  in  Staffordshire,  and  perhaps  from  other  masses 
of  the  same  age  (now  concealed  or  destroyed)  along  the 
southern  border  of  the  Triassic  area. 

Another  fact  to  be  explained  is  the  diminution  of  the 
pebbles,  both  in  size  and  number,  as  the  beds  are  traced 
northward  in  the  direction  of  the  source  of  supply.     K  the 

^  "  Geol.  Mag.,"  Dec.  2,  yoI.  yii.  p.  407. 
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j>ebble-beds  were  local  deposits,  occurring  principally  at 
tJie  northern  ends  of  the  two  IViassic  tracts,  there  would 
l3e  little  difficulty  in  accounting  for  them ;  but  they  are,  on 
t;lie  contrary,  spread  out  over  a  large  area  at  the  southern 
end  of  these  tracts,  and  appear  to  be  nearly  co-extensive 
nvith  the  sandstones  which  overlie  them ;  they  attain  their 
maximum  thickness  in  Cheshire,  but  diminish  much  more 
rapidly  northward  than  they  do  southward. 

K  we  adopt  the  lake  theory,  we  must  suppose  two  long, 
narrow,  and  shallow  sheets  of  water,  each  receiving  the 
current  of  a  rapid  river  at  its  northern  end.     To  account 
for  the  character  and  limited  extent  of  the  Lower  Bunter 
Sandstone,  we  must  conclude  that  the  rivers  were  at  first 
only  of  sufficient  volume  and  velocity  to  carry  sand  into  the 
lakes,  and  that  their  sandy  deltas  gradually  filled  up  the 
spaces  which  were  then  covered  by  water.     The  wider  ex- 
tension of  the  Pebble  Beds  may  indicate  a  rise  in  the  level 
of  the  lake-waters  due  to  an  increased  winter  rainfall,  an 
increase  which  may  have  been  caused  by  a  general  elevation 
of  the  country.     The  rivers  then  became  equal  to  trans* 
porting  pebbles  over  the  same  areas,  and  a  pebbly  delta  was 
superimposed  upon  the  sandy  one,  gradually  extending 
teyond  the  tracts  covered  by  the  lower  sandstones,  and 
tomi  the  southern  termination  of  the  Pennine  range ;  the 
'       eastern  and  western  waters  then  communicating  over  the 
tract  which  is  now  the  valley  of  the  Trent.     The  upper 
sandstones,  if  deposited  in  water,  would  indicate  a  decrease 
in  the  velocity  of  the  incurrent  streams,  and  a  return  to  the 
former  conditions,  but  with  a  larger  lacustrine  area  for  the 
reception  of  the  sandy  deposits. 

lias  view  of  the  manner  in  which  the  Bunter  series  was 

laid  down  is  not  altogether  satisfactory.    Professor  Bonney 

tells  me  he  has  always  felt  it  difficult  to  explain  the  great 

length  of  these  Triassic  tracts  on  the  "  filled-lake  "  theory, 

and  to  account  for  the  entire  absence  of  mud  or  shale.   He 

thinks  that  the  idea  of  subaerial  river  deltas,  such  as  are 

fonnd  in  some  parts  of  India  and  Abyssinia,  offers  a  simpler 

explanation  of  some  of  the  facts.  On  this  theory,  the  tracts 

now  covered  by  the  Bunter  were  flat  lands  on  to  which  the 

rivers  from  the  north  swept  the  detritus  which  they  carried, 

at  first  dropping  the  pebbles  in  the  mountain  valleys,  and 

n.  V 
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only  carryiiig  sand  on  to  the  plains.  When  the  period  of 
increased  rainfall  came  on  they  would  carry  pebbles,  and 
at  the  time  of  maximum  rainfall  the  detritus  accumulated 
in  the  upper  valleys  might  be  swept  out,  and  spread  over 
the  lowlands.  Depression  and  decreasing  rainfall  would 
bring  back  the  former  conditions,  and  a  recurrence  of  sandy 
deposits,  the  final  arrangement  of  which  was  probably  due 
to  the  action  of  wind,  for  Mr.  J.  A.  Phillips  has  shown  that 
some  of  the  sandstones  are  composed  of  worn  and  rounded 
grains,  like  those  of  wind-drifted  sands.  We  may,  there- 
fore, picture  the  surrounding  country  as  a  barren  and 
rocky  region,  dry  and  wind-swept  in  the  summer,  with 
scanty  vegetation  and  little  animal  life. 

It  is  quite  possible  that  the  tracts  in  question  were 
shallow  lakes  in  the  rainy  season  and  dry  surfaces  in  the 
summer,  the  rivers  only  filling  their  channels  in  the  time 
of  heavy  rains,  as  is  the  case  with  many  watercourses  in 
Egypt  and  Abyssinia  at  the  present  day.  In  those  coun- 
tries immense  quantities  of  debris  are  swept  out  of  the  hill 
valleys  by  sudden  floods,  and  spread  far  and  wide  over  the 
plains  below,  which  in  the  dry  season  form  arid  tracts  of 
sandy  and  pebbly  desert.  It  is  probably  to  such  regions  that 
we  must  look  for  a  type  of  the  conditions  which  prevailed 
during  the  earlier  part  of  the  Triassic  period  in  Britain. 

Whether  any  channel  of  connection  existed  between  the 
midland  tract  and  the  southern  lake  we  cannot  say  at  pre- 
sent, but  it  is  possible  that  the  overflow  waters  may  have 
cut  a  gorge  through  the  intervening  barrier  of  Palaeozoic 
rocks,  and  that  the  buried  channel  may  yet  be  discovered 
beneath  the  Keuper  and  Lias  east  of  the  Mendips. 

The  general  depression  which  ushered  in  the  Keuper 
series  submerged  the  isthmus  which  separated  the  two 
British  areas  of  deposition  and  widely  extended  these 
areas,  so  that  the  whole  became  part  of  an  immense  lake  or 
inland  sea.  The  Palseozoic  ridge  below  Essex  and  Herts 
was  still  a  promontory  jutting  out  from  Belgium,  but  the 
sea  occupied  the  whole  centre  of  England,  and  was  pro- 
longed into  two  gulfs  or  arms,  a  north-western  stretching 
as  far  as  the  north  of  Ireland,  and  a  southern  covering 
the  south  of  England,  and  the  arjea  of  the  English  Channel, 
but  not  extending  far  into  France. 


CHAP.  VIII.] 


TBIA88IC    SYSTEM. 


291 


The  general  resemblances  between  the  Triassic  beds  of 
Scotland  and  the  Keuper  of  England  lead  one  to  conclude 
that  the  former  belong  to  the  later  part  of  the  Triassic 
period ;  but  however  this  may  be,  the  occurrence  of  marls 
and  limestones,  and  the  existence  of  bivalve  shells  in  the 
sandstones,  make  it  certain  that  the  Scotch  strata  were 
accumulated  in  lakes.    Whether  these  lakes  were  con- 
nected with  the  larger  one  which  lay  over  England  it  is 
impossible  to  say,  but  the  balance  of  probability  is,  per- 
haps, against  such  a  supposition,  and  in  favour  of  their 
forming  two  distinct  areas  of  deposition,  one  on  the  eastern 
and  the  other  on  the  western  side  of  the  Scottish  High- 
lands.   The  coarse  breccias  which  form  the  basement  beds 
of  the  series  in  Western  Scotland  were  doubtless  accumu- 
lated in  the  same  manner  as  those  of  Bimter  age  in  Devon. 


CHAPTER  DC. 


THE   JUSJL88IG    SYSTEM. 


FKOM  the  preyaJenoe  of  Oolitic  limestones  in  the  central 
part  of  this  system  in  England,  it  was  formerly  (by 
Conybeare  and  Phillips)  termed  the  Oolitic  series;  sub- 
sequently the  Lias  was  described  as  separate  from  the 
Oolites,  which  were  divided  into  Upper,  Middle,  and  Lower 
groups,  each  being  regarded  as  equivalent  in  value  to  the 
Lias,  and  the  whole  (including  both  Lias  and  Oolites)  was 
eventually  termed  the  Jv/rassic  Sydem,  that  name  being 
used  on  the  Continent  for  the  equivalent  rocks  which  form 
the  Jura  mountains  between  France  and  Switzerland. 

The  division  into  Lias  and  Oolites  is,  however,  an 
awkward  and  inconvenient  one,  and  a  much  more  simple 
arrangement  has  recently  been  proposed,  namely,  to  divide 
the  whole  Jurassic  system  into  three  great  series — ^a  Lower, 
Middle,  and  Upper ;  the  Lower  being  the  Lias,  the  Middle 
being  what  was  formerly  called  the  Lower  Oolite,  and  the 
Upper  including  the  groups  formerly  called  the  Middle 
and  Upper  Oolites,  but  which  are  really  one  indivisible 
series. 

This  arrangement  will  be  adopted  in  the  following  pages, 
and  the  minor  groups  which  constitute  the  three  g^reat 
divisions  of  the  Jurassic  system  are  given  below : — 


Upper 

Jurassic 

Series. 

Middle 

Jurassic 

Series. 


Portland  Beds 
Elmeridge  Clay 
Coral  Bag  or  Corallian 
Oxford  Clay    . 

Oreat  Oolite  group . 
Inferior  Oolite  group 


Maximum 
thickness. 

170 
600 
200 
600 

450 
400 
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Maximum 

thickness. 

Lower    ( tipper  Lias     ....         300 

Jurassic  <  Middle  Lias    ....         500 

Series.   ( Lower  Lias      ....         600 

Rhsetic  or  Penarth  Beds ....  40 

The  Hhsetic  or  Penarth  Beds  (sometimes  called  the  zone 
of  Amcida  contorta)  are  here  included  in  the  Jurassic 
system,  because  they  are  more  conveniently  described  with 
the  Lias,  and  because  in  Britain  and  Germany  they  are 
more  closely  connected  with  the  Lias  than  with  the  under- 
lying Keuper  marls,  from  which  they  are  usually  separated 
by  a  sharp  line  of  demarcation.  In  the  Khaetic  Alps,  how- 
ever,  this  thin  zone  swells  out  into  a  thick  deep-water  for- 
mation, which  forms  a  series  intermediate  between  the  Trias 
and  Lias,  with  fossils  which  link  it  more  closely  to  the 
former  than  the  latter. 

The  line  of  demarcation  at  the  top  of  the  Keuper  marl  in 
Britain  is  doubtless  due  to  the  invasion  of  the  great  Triassic 
lakes  by  the  waters  of  the  Bhsetic  sea,  and  to  the  conse- 
quent superposition  of  marine  upon  lacustrine  beds ;  where 
^ere  is  a  complete  series  of  marine  Trias  and  Lias  the 
Rhsetic  beds  show  a  gradual  passage  between  the  two 
systems.  The  reader  will,  therefore,  remember  that  it  is 
onlv  for  the  sake  of  convenience  that  the  Penarth  Beds  are 
dealt  with  in  this  chapter. 

The  Lias  is  essentially  a  clay  formation,  with  occasional 
bands  of  limestone  and  ironstone  of  variable  thickness. 

The  Middle  Jurassic  series  consists  mainly  of  limestones, 
with  only  subordinate  bands  of  clay. 

The  Upper  Jurassic,  again,  is  an  argillaceous  series,  the 
limestones  beiag  discontinuous  and  sometimes  absent  or 
replaced  by  clays. 

The  most  persistent  formations  are  the  three  great  clays : 
the  Lower  Lias,  the  Oxford,  and  the  Kimeridge  Clay.  These 
range  all  across  England,  and  form  broad  tracts  of  low- 
lying  land ;  while  the  intermediate  limestones,  where  they 
are  well  developed,  form  long  ridges,  with  escarpments 
facing  the  west  or  north-west,  in  consequence  of  the 
prevfldent  easterly  dip  (see  figs.  64  and  66). 

It  was  long  ago  remarked  by  Dr.  Buckland  that  a  line 
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drawn  through  England  from  the  mouth  of  the  Tees  to  the 
coast  of  Dorset,  and  corresponding  with  the  base-line  of  the 
Jurassic  system,  would  divide  the  cdimtry  into  two  totally 
dissimilar  parts,  contrasting  strongly  with  each  other,  both 
in  their  physical  and  economical  aspects.  The  country  to 
the  north-west  of  this  line  is  chiefly  composed  of  Palseozoic 
rocks,  which  often  rise  into  barren  moimtainous  tracts,  but 
which  in  many  places  contain  valuable  minerals,  such  as 
coal,  iron,  lead,  copper,  and  tin.  The  country  to  the  south- 
east of  the  line  is  entirely  Neozoic  ground,  the  greater  part 
of  which  has  a  fertile  soil,  but  little  subterranean  wealth, 
and  few  parts  of  which  rise  to  an  elevation  of  900  feet. 
The  first-mentioned  part  of  the  coimtry  is  largely  inhabited 
by  a  mining  and  manufacturing  population,  while  the  in- 
habitants of  the  south-eastern  districts  are  chiefly  employed 
in  agricultural  pursuits. 

The  rate  of  change  in  the  organic  world  and  the  differen- 
tiation of  species  appears  to  have  become  much  more  rapid 
in  Jurassic  times  than  it  had  previously  been,  so  that  any 
given  group  of  species  has  a  much  less  vertical  range,  and 
consequently  a  much  smaller  set  of  strata  requires  separate 
description.  It  will,  therefore,  be  convenient  to  consider 
each  of  the  three  major  divisions  of  the  system  separately, 
the  Ehsetic  being  taken  with  the  Lias. 


§  A.  Er£Tic  and  Lias. 

Geographical  Range. — The  Ehsetic  Beds  succeed  the 
Keuper  marls  *  near  Axmouth  on  the  Dorset  coast,  but  in- 
land their  outcrop  is  concealed  for  some  distance  by  the 
overlap  of  the  Cretaceous  rocks  which  form  the  Blackdown 
Hills.  They  emerge  again  to  the  north-west  of  Ilminster, 
and  run  through  Somerset  to  Wells  and  Shepton  Mallet  on 
the  south  side  of  the  Mendip  Hills.  They  fringe  these  hills, 
but  are  in  places  overlapped  by  the  lowest  beds  of  the  Lias ; 

^  The  uppermost  beds  of  the  Keuper  marl  are  of  a  greeoiih  grey 
colour,  ana  were  formerly  grouped  with  the  Rhsetic,  but  the  tint  ia 
probably  due  to  the  reduction  of  the  peroxide  of  iron  to  the  protoxide 
DY  the  action  of  the  water  which  percolates  through  the  pyritous  shales  of 
the  Uhsetic,  and  becomes  impregnated  with  sulphuretted  hydrogen. 
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thenoe  they  pass  through  Gloucester  to  Aust  Passage  and 
Wertbury  oh  Severn. 

Outlying  tracts  of  the  Ehaetic  Beds  are  found  on  both  sides 
of  the  Bristol  Channel,  near  Watchet  in  Somerset,  and  at 
Penarth  in  G-lamorgan ;  but  as  they  pass  westward  from 
the  latter  locality  they  are  overlapped  by  the  Lias. 

From  the  Severn  the  Bhsetics  are  traceable  as  a  narrow 
but  continuous  band  all  across  England,  between  the  broad 
tracts  occupied  by  the  Trias  and  Lias,  nmning  through  the 
counties  of  Worcester,  Warwick,  Leicester,  Nottingham, 
and  Lincoln,  to  the  valley  of  the  Trent  north  of  Gains- 
borough. 

The  Bhsetic  beds  are  probably  continuous  from  the 
Humber  northwards,  but  have  not  been  seen  south  of 
Howsham  in  the  valley  of  the  Derwent ;  and  in  the  North 
Biding  they  are  nearly  everywhere  concealed  by  Pleistocene 
deposits,  but  are  seen  occasionally,  as  at  Northallerton,  and 
thence  to  Bedcar. 

The  Lias  occupies  the  coast  of  Dorset  from  Axmouth 
nearly  as  iauc  as  Bridport,  and  its  inland  outcrop  forms 
a  broad  tract  of  country  stretching  across  England  to  the 
east  and  south-east  of  the  line  indicated  for  the  Bheetic 
beds. 

Outlying  tracts  of  Bhsetic  and  Lias  occur  in  Stafford- 
shire, at  Needwood  Forest,  and  north  of  Abbots  Bromley ; 
in  Shropshire,  between  Wem  and  Audlem,  and  in  Cumber- 
land, near  Carlisle ;  proving  that  the  formation  originally 
extended  far  to  the  north-west  of  its  main  line  of  outcrop. 
There  is  little  doubt,  indeed,  that  the  Lias  was  once  co- 
extensive with  the  Trias,  but  there  is  no  indication  that  it 
ever  extended  far  beyond  the  limits  of  the  Keuper  marls. 

Li  Scotland  remnants  of  both  Bhsetic  and  Lias  occur 
above  the  Trias  on  the  east  coast  of  Sutherland,  and  the 
Lias  is  also  found  on  the  west  coast,  but  the  Bhsdtic  is  not 
there  represented. 

Li  L:eland  they  crop  out  in  certain  places  from  beneath 
the  Cretaceous  rocks  of  Antrim,  but  only  Bhsetic  and  Lower 
Lias  are  found,  the  higher  beds  having  been  removed  before 
the  deposition  of  the  Cretaceous  rocks. 

With  regard  to  the  eastward  subterranean  extension  of 
the  Lias  in  England,  it  is  known  that  its  upper  beds,  as 
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they  pass  beneath  the  higher  members  of  the  Jurassic 
system,  thin  very  rapidly.  Thus  in  a  boring  at  Burford,  in 
Oxfordshire,  the  Middle  and  Upper  Lias  are  together  less 
than  30  feet  thick ;  the  Lower  Lias  is  there  about  620  feet 
thick,  and  the  Bhsetic  is  10  or  12  feet ;  but  between  that 
place  and  Richmond  these  have  both  disappeared,  allowing 
rocks  of  the  Middle  Jurassic  series  to  rest  directly  on  rocks 
which  are  supposed  to  be  Trias.  It  would  appear,  therefore, 
that  between  Richmond  and  the  Malvern  Hills  the  width 
of  ground  now  occupied  by  the  Lias  is  less  than  100  miles : 
it  may  originally  have  extended  somewhat  further  east- 
ward, but  is  not  likely  to  have  covered  the  tract  of  PalsBO- 
zoic  rocks  which  underlies  the  eastern  counties  (see  fig.  53, 
p.  267). 

Life  of  the  Pebiod. 

Marine  Fauna. — The  Rhsetic  zone  of  Avictda  corUorta 
is  the  earliest  marine  bed  of  Mesozoic  age  in  Britain,  because 
throughout  Triassic  times  our  islands  formed  part  of  a 
large  continent  which  occupied  the  northern  part  of  Europe, 
and  it  was  not  until  the  epoch  of  this  zone  that  the  southern 
sea  spread  over  the  inland  lakes  of  the  northern  area.  We 
are  thus  suddenly  presented  with  an  assemblage  of  fossils 
which  are  utterly  differ^it  from  those  of  the  Carboniferous 
and  Dyassic  periods,  and  for  the  ancestors  of  which  we 
must  search  the  marine  Trias  of  the  Alps.  A  still  larger 
number  of  genera  and  species  make  their  appearance  in  the 
Lias,  and  the  following  is  a  list  of  the  chief  genera  which 
are  not  known  in  Britain  before  the  date  of  the  Bheetic 
beds,  but  occur  either  in  them  or  the  Lias : — 

Aciinozoa, — Astrocsenia,  Isastrea,  Montlivaltia,  Theco- 
smilia,  Thamnastrea. 

Echinodermata, — Aspidura,  Ophioderma,  AcrosaJenia, 
Oidaris,  Hemipedina,  Pseudodiadema,  Extracrinus,  Penta- 
crinus,  Astropecten. 

Crustacea. — Eryon,  Eryma,  Gljphsea. 

Brachiopoda. — Waldheimia,  Thecidium,  Terebratella. 

LamellUyranchiata. — Area,  Astarte,  Oardium,  Oardinia, 
Ceromya,  Gbniomya,  Gresslya,  Q-ryphaea,  Hinnites,  Lucina  ? 
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Myoconcha,  Opis,  Ostrea,  Pema,  Placunopsis,  Plicatula, 
Pholadomya,  Pleuromya,  Thracia,  Tancredia,  Trigonia. 

Gasteropoda. — Alaria,  Amberleya,  Acteeonina,  Cerithium, 
Chemuitzia,  Nerinsea,  Neritopsis,  Purpuroidea,  Solarium, 
Tomatella,  Trochus  ?  Tectaria  (Eucyclus),  Trochotoma. 

Cephalopoda. — Ammonites,  Belemnites,  Beloteuthis. 

Fish. — Dapedius,  Eugnathus,  Lepidotus. 

Reptiles.  —  Ichthyosaurus,  Plesiosaurus,  Teleosaurus, 
Pterodactylus,  Megalosaurus. 

The  species  foimd  in  the  English  Bhsetics  numl^er  125  ; 
those  known  from  the  Lias  number  1800.  The  following 
are  the  most  characteristic  species  of  each  group  : — 


Fossils  of  the  Rhaetic. 

LameUibranchiata. — ^Avicula  contorta.  Cardium  Rhseti- 
cum,  Pecten  Yaloniensis,  Schizodus  elongatus,  Pullastra 
arenicola. 

Fish. — Acrodus  acutus,  Ceratodus  altus,  Hybodus  minor, 
Nemacanthus  monilifer,  Saurichthys  apicalis. 

Reptiles. — Ichthyosaurus  and  Plesiosaurus  first  occur. 

Mam/mals. — Micrblestes  antiquus  (a  small  Marsupial). 


Fossils  of  the  Lower  Lias. 

Actinozoa. — Montlivaltia  Haimei,  Isastrea  Murchisoni. 

Echinodermata. — Hemipedina  Bechei,  Cidaris  Edwardsii, 
Ertracrinus  Briareus,  Pentacrinus  basaltiforme. 

Bra>chiopoda. — Spiriferina  Walcottii,  Rhyn.  variabilis. 

Lamellihrarichiatu. — Avicula  cygnipes,  Cardinia  Listen, 
Ostrea  liassica,  Lima  gigantea,  Grypheea  incurva,  Hippopo- 
dium  ponderosum. 

Oasteropoda. — Pleurotomaria  anglica,  Tectaria  (Eucy- 
clus) elegans,  Cerithium  gratum. 

Cephalopoda. — Ammonites  planorbis,  Am.  angulatus.  Am. 
Bucklandi,  Am.  Tumeri,  Am.  obtusus.  Am.  oxynotus.  Am. 
raricostatus,  Belemnites  acutus,  Bel.  clavatus. 

Fish. — Dapedius  politus,  Hybodus  reticulatus. 

Reptiles. — Ichthyosaurus  commimis,  I.  intermedins,  Ple- 
siosaurus dolichodeirus,  P.  Hawkinsii. 


Fig,  59.    Liusic  Ammonilrt. 

a.  Ammonites  commuDii  (i).  d.  Ammonin;*  margu-iutus  U) 

b.  „  .tftpentinu.  (j).        t.  „  Bnokl.ndi  (J) 
ft           „           capnocwiM»(%V        /.          „  plmorbis  (i). 
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Fossils  of  the  Middle  Lias. 

Actinozoa, — (None  common.) 

Echinodermata.  —  Tropidaster  pectinatns,  Ophioderma 
Egertoni,  O.  Milleri. 

Brachiopoda, — Terebratula  punctata,  Waldheimia  resu- 
pinata,  Bhynchonella  tetrahedra,  B.  acuta. 

Lamellibranchiata. — Plicatula  spinosa,  Crenatula  ventri- 
cosa,  Modiola  scalpnim,  Avicula  insequiyalvis,  Cardinm 
truncatum,  Pecten  sequiyalyis. 


Fig.  60.    Liassic  Reptiles. 

1.  Skeleton  and  restored  outline  of  Plesiosaurus  dolichodeims  {j^), 
3.  Skeleton  and  restored  outline  of  Ichthyosauras  communis  (^). 

Oasteropoda, — Trochus  imbricatus,  Cryptsenia  expansa. 

Cephalopoda, — ^Ammonites  Jamesoni,  Am.  caprioomus, 
Am.  spinattiB,  Am.  margaritatus,  Belemnites  elongattis,  B. 
paxillosus. 

Fish  and  Reptiles  are  rare. 


Fossils  of  the  Upper  Lias. 

Adinozoa, — (None  common.) 

EehinodemuUa, — Acrosalenia  crinifera  (minuta). 


Fig.  62.    Limbs  of  Icbth/OMnrns  and  Fleaiuunrus. 

1.  Hind  limb  of  Ichthjouonu,  with  UteimpreMionof  itai 

2.  fon  timb  uflchtbjowunu  (^),  Lowrr  Liu. 

3.  Fore  liinb  of  FlesiosmuruB  (^),  Lower  Liu. 


Tig.  63.    Skull  of  Telengannu  Cfaapmaimi  (^},  Whitby. 
1.  Upper  view.  4.  Side  t Saw. 

3.  ^de  view  of  tnont.  S.  Snout  of  SunMonnn. 
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Braehiopoda, — Discina  reflexa,  LeptaBna  Moorei. 

LameU'ibranehiata. — ^Inooeramus  dubius,  Posidonomja 
Bronnii,  Leda  ovmn,  Myadtes  donadforme. 

Oaderopoda, — (None  very  common.) 

Cephalopoda, — Am.  communis,  Am.  serpentinus,  Am. 
bifrons,  Ain.  annulatus,  Belemnites  iiregularis. 

Fish. — ^Lepidotns  semi-serratns,  Gyrosteus  mirabilis. 

BeptUes.  —  Ichthyosaurus  acutirostris,  Flesiosaurus 
longirostris,  Teleosaurus  Chapmanni. 


Zones  of  the  Lias. 


The  three  divisions  of  the  lias  are  capable  of  being 
subdivided  into  zones,  each  of  which  is  characterized  by 
a  certain  number  of  species,  and  certain  s{)eGies  of  Am- 
monites have  been  chosen  as  indices  of  these  zonal  faunas. 
Even  still  smaller  belts  or  subzones  are  often  recognized,  but 
are  not  so  persistent  as  the  larger  zones,  which  are  given 
below: — 

r4.  Zone  of  Am.  jurensis. 

1 3.        „      Am.  bifrons  and  Am.  communis. 


Upper 
Lias.   12. 

^4. 


Mid. 
Lias 


3. 
2. 


ias.    I 
ll. 


tt 


ft 


tt 


tt 


tt 


tt 


Lower 
Lias. 


^6. 

4. 
3. 

Il 


tt 


tt 


tt 


tt 


tt 


Am.  serpentinus. 

Am.  annulatus. 

Am.  spinatus. 

Am.  margaritatus. 

Am.  capricomus  and  Am.  Henleyi. 

A.  ibex.  ,  a 

A.  Jamesoni.  '§  | 
A.  armatus. 
A.  raricostatus. 
A.  oxynotus. 
A.  obtusus. 

Am.  Tumeri  and  Am.  semicostatus. 

Am.  Bucklandi. 

Am.  angulatus. 

Am.  planorbis. 


Am.  Jamesoni 


Am.  oxynotus 


QQ  g 


I 


The  Lower  Lias,  both  of  England  and  the  Continent, 
falls  naturally  into  three  stages,  viz. : — 
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Oxjnotian  or  Belemnite  Beds  =  Zone  6. 
Arietian  or  Gryphitian  =  Zones  3  and  4. 
Hettangian  or  Limestone  Series  =  Zones  1  and  2. 

The  first  is  characterized  by  the  prevalence  of  the  axynotvs 
t7X>e  of  Ammonites;  the  second  by  the  abundance  of 
Gryphsea  and  Ammonites  of  the  ArietUee  group ;  the  third 
is  named  from  a  district  in  Germany. 

Terrestrial  and  Freshwater  Fauna. — Plant  re- 
mains occur  but  rarely  in  the  Lias,  but  some  Cycads  and 
Conifers  have  been  found.  Certain  thin  limestones  at  the 
base  of  the  Lower  Lias  have  yielded  remains  of  small  plants 
(NaiadUes)  and  insects  of  many  genera;  similar  remains 
occur  also  at  a  particular  horizon  in  the  tipper  Lias. 

In  1866  Mr.  C.  Moore  ^  obtained  a  most  remarkable  set  of 
laad  and  freshwater  Mollusca  mixed  with  marine  species  of 
Lower  Liassic  age  from  material  filling  large  fissures  in  the 
Carboniferous  lamestoue  of  the  Mendip  !ffills.  They  com- 
prised snails  of  the  genera  Helix,  Proserpina,  and  Vertigo, 
together  with  species  belonging  to  the  freshwater  genera 
Mdania,  Amberleya,  Planorbis,  and  Valvata,  Mekmia  is 
^  found  in  the  Lower  Lias  of  Glamorgan,  and  some  of 
the  species  referred  to  Trochus  and  Cerithium  by  Mr. 
Uoore  resemble  this  genus.  The  insects  which  have  been 
found  include  representatives  of  several  orders, — Beetles 
(Coleoptera),  May-flies  (Neuroptera),  and  Grasshoppers 
(Orthoptera) ;  all  of  them  are  closely  allied  to  existing 
forms,  and  are  such  as  would  inhabit  temperate  climes, 
being  probably  brought  down  by  flooded  streams  draining 
the  high  lands  which  bordered  the  Liassic  sea.  On  this 
pomt  Sir  A.  Bamsay  has  some  interesting  remarks.  During 
the  Triassic  and  Liassic  periods,  he  says,  it  is  not  im- 
probable to  suppose  that  the  mountains  of  Wales  were  at 
kast  double  their  present  height,  and  were,  therefore,  6,000 
to  6,000  feet  high,  so  that  if  a  tropical  or  warm  temperate 
fauna  existed  along  the  coast,  a  cold  temperate  land-fauna 
might  exist  among  the  hills.  The  Bev.  P.  B.  Brodie  has  in 
fact  remarked  that  the  insects  found  in  the  Secondary  rocks 
are  (with  certain  exceptions)  of  a  minute  size,  such  as  would 

Quart.  Journ.  G«oI.  Soc.,''  vol.  xxiii.  p.  494. 


I  « 


304 


NEOZOIC   BOCK8« 


[PAJIT 


inhabit  a  cold  or  temperate  climate.    Now  Professor  Ed 
Forbes,  while  dredging  along  the   coast  of  Lycia  CA^' 
Minor), "  observed  that  during  the  rainy  season,  the  siu^^ 
of  the  water  was  often  partially  covered  with  quantit     ^ 
dead  insects,  washed  into  the  sea  from  the  neiehho^^*  ^ 
land.     By  far  the  greater  number  of  these  insects  w^^^\ 
derived  from  the  hot  low-coast  territories,  but  wei^  ^ 
to  the  sea  from  the  more  distant  and  lofty  mountain  i    ^* 
(7,000  to  10,000  feet  high),  by  sudden  floods  which 
then  of  frequent  oocurrei^."     They  also,  in  acconw! 
with  the  elevated  regions  from  whence  they  came,  borpTlT 
characters  of  temperate  hxJi  cold  climates;  and  Sir  a 
Ramsay  thinks  it  probable  "  ti^at  the  insect  remains  /? 
scribed  by  Mr.  Brodie  were  washi.^  6x>^  ^^  mount^n 
country  we  have  described  mto  the  si-irroimding  seas  ^A 
there  entombed  amid  creatures  of  a  trop.^  chapter ' 


»» 1 


Stbatiobaphy.  , 

1.  Dorset  and  Somerset, 

Rhsetic  Beds. — Gbod  sections  of  these^g  ^^  * 
near  Lyme  Begis  in  Dorset,  near  Watchet^in^j.g^.       ^ 
in  the  railway  cutting  near  Queen  CameLjiey  consi*  t° f 
two  members — (1)  the  Black  or  "Papefliales   (2)  th 
White  Lias.   The  black  shales  generally  ain  one  or  t 
sandy  layers  near  the  base  which  are^rded  with  ih^ 
teeth,  scades,  bones,  and  coprolites  of  fiid  reptiles  an/? 
hence  are  known  as  "  bone  beds."     Thces  contain'^  * 
cula  contorta,  Pecten  vaJUmiensis,  and^r  fossils      Th 
upper  member  consists  of  marly  limest  w^^ii;^  or  cream  ^ 
coloured,  the  topmost  bed  being  ai,  compact    anri 
smooth-grained  limestone  known  as  tiun-bed."   ' 

At  certain  places  on  the  Mendip  llmdy  deposits  and 
conglomerates  occur,  marking  the  sine  of  the  Bhseiic 
sea ;  and  some  fissures  in  the  CarVous  limestone  at 
Holwell,  near  Frome,  have  yielded  mense  number  of 
Bhsetic  fossils  (teeth  and  bones  of  iptiles,  and  Micro- 
testes), 

^  Ramsay, ''  Denndation  of  South  Warn.  Geol  Surrey  roi  i 
p.  325.  ^"^ 
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Near  Queen  Camel  the  thickness  of  the  lower  shales  and 
sandstones  is  49  feet,  and  that  of  the  White  Lias  is  21  feet, 
making  a  total  of  70  feet.  At  Camerton,  north  of  the 
Mendips,  there  is  White  Lias  (8  feet)  and  shales  (15  feet). 

Lower  Lias. — Most  of  the  zones  of  the  Lower  Lias  are 
discernible  along  the  coast  of  Dorset,  near  Lyme  Regis.  The 
planorbis  zone,  some  40  feet  thick,  consists  of  alternating 
limestones  and  shales  in  thin  beds,  with  Am.  planorbis, 
Ostrea  Uassica,  and  Cidaris  Edwardsii.  The  angulatue  beds 
are  dark  shales  with  seven  beds  of  impure  limestone  (total 
13  feet).  The  Bucklandi  zone  is  170  feet  thick,  and  con- 
sists of  shales  with  concretionary  limestones,  all  very  fos- 
siliferous,  the  bivalves  ChryphoMi  incurva  and  Lima  gigan^ 
tea  being  very  common ;  at  its  summit  is  a  bed  of  impure 
limestone,  3  feet  thick,  containing  Am.  Tumeri,  Am.  semi- 
cottatue,  and  bones  of  Ichthyosaurus ;  this  bed  is  known  as 
the  "  broad  ledge,"  or  "  table-bed."  Above  it  are  dark 
Dwrls  (80-100  feet)  with  septaria  containing  Am.  ohtusus 
and  Am.  stellaris.  Above  these  are  the  oxynotus  shales  or 
"Belemnite  beds  "  (?  100  feet),  with  Am.  oxynotus,  A.  rari- 
^fkUns,  Belemniies  acuius,  and  Cardinia  Listeria  &c. 

In  Dorset  and  South  Somerset  the  Lower  Lias  is  sup- 
posed to  be  500  to  600.  feet  thick,  and  the  zone  of  Am. 
P^norhis  is  well  exposed  near  Street  and  Queen  Camel, 
ont  it  thins  rapidly  toward  the  Mendip  Hills,  and  at 
Camerton  on  the  north  side  it  is  reduced  to  a  mere  band, 
only  16  feet  thick,  lying  between  the  Bhsetic  and  the  reduced 
equivalent  of  the  Middle  Lias. 

Middle  Lias. — Li  Dorset  these  beds  are  over  300  feet 
^Kck,  but  no  definite  representative  of  the  Jam^oni  zone 
occurs.  The  lowest  beds  are  clays  (100  feet)  containing  Am. 
S^nleyi,  Am.  Davcei,  and  Am.  laticosta,  and  the  starfish  bed 
^^  the  summit  contains  Ophioderma  Egertoni.  Next  come 
^caoeous  marls  with  Am.  margaritaius  (180  feet) ;  and 
above  are  micaceous  sands  and  marls  with  Am.  spinaivs  (80 
^^t),  with  a  thin  seam  of  ferruginous  marlstone. 

The  Middle  Lias  varies  much  in  thickness,  but  is  persis- 
tent through  Dorset  and  Somerset,  thinning  near  the  Men- 
^ps  and  represented  at  Camerton  by  a  mere  seam  of  clay 
^d  marlstone  only  two  feet  thick. ^ 

^  C.  Moore,  ''Quart  Journ.  Geol.  Soc.,"  vol.  xxiii.  p.  471. 
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Upper  Lias. — In  Dorset  this  division  consists  of  two 
members :  (1)  Clays  representing  the  zones  of  A.  annula- 
tu8y  A,  serpentiniM,  and  A.  hifrons,  70  feet;  (2)  Sands 
forming  the  zone  of  A.  jurensisy  about  150  feet ;  these  are 
the  Midf ord  Sands  of  Professor  Phillips,  who  regarded  them 
as  passage-beds  between  the  Lias  and  Inferior  Oolite,  but 
they  are  capped  by  the  well-marked  "Cephalopoda  Bed'* 
(or  zone  of  Am,  opaliiius),  aud  are  best  placed  with  the 
Lias. 

In  Somerset,  near  Ilminster,  the  clays  are  reduced  to  a 
thickness  of  8  or  10  feet,  but  are  full  of  fossils,  one  thin  bed 
of  marl  alone  yielding  150  species  to  Mr.  Moore ;  this  is 
known  as  the  "Leptsena  marl,"  from  the  abundance  of 
Leptcena  Moorei  and  L.  Bouchardi.  Above  it  is  a  nodular 
argillaceous  limestone  with  remains  of  saurians,  fish,  and 
insects.  The  overlying  sands  are  well  exposed  near  Yeovil 
and  Sherborne,  where  their  thickness  is  140  feet ;  north  of 
the  Mendips  they  are  much  thinner,  being  only  40  feet  at 
Bath. 

2.  OUyucester,  Glamorgan,  and  the  Midlands, 

Rhsetic  Beds. — These  are  well  exposed  in  cliff  sections 
at  several  points  along  the  estuary  of  the  Severn ;  namely, 
Penarth,  Aust  Passage,  and  Westbury ;  also  at  Wilmcote 
near  Stratford-on-Avon.  Where  fully  developed  both  the 
Black  Shales  and  the  White  Lias  are  found,  but  the  latter 
thins  north-eastward,  as  shown  below  : — 

Penartb.   Westbury.   Tewkesbury.   Wilmcote. 

White  Lias       .     18  10  6  3  feet. 

Black  Shales     .24  24  24  26  feet. 

The  basal  beds  are  sandy  shales,  with  one  or  two  bone-beds ; 
these  rest  on  the  grey  marls  which  are  sometimes  included 
in  the  Rhsetic.  Above  are  black  shales  with  Cardium  rhce.^ 
Hcum,  Pecten,  &c. 

Near  Penarth  the  White  Lias  is  wholly  calcareous,  but 
near  Bristol  it  consists  of  grey  shales  with  thin  limestones, 
containing  Estheria  minuta  and  plant  remains  (Naiaditee, 
<fcc.),  the  lowest  bed  being  the  Cotham  stone,  or  "  landscape 
marble ; "  but  these  beds  thin  out  to  the  north-east. 
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In  Glamorganshire,  between  Pyle  and  Bridgend,  the 
whole  group  is  represented  by  sands  and  sandstones,  with 
Pullasira  arenicolaj  which  lie  in  hollows  of  the  Carboni- 
ferous limestone,  and  are  overlapped  by  the  lias  lime- 
stones. 

Loiver  Lias. — The  lowest  beds  of  the  Lias  zones  of  Am, 
planorbia  and  Am,  angulatvs  are  well  exposed  along  the 
south  coast  of  Glamorgan,  in  a  cutting  at  Saltford  near 
Bath,  and  at  Wilmcote  in  Warwickshire.  In  their  normal 
form  they  consist  of  thinlimestones  and  shales  in  alternat- 
ing layers,  with  two  persistent  layers  of  limestone  at  the 
base,  the  lowest  characterized  by  Monotia  decussata  and  in- 
sect remains,  the  higher  by  Ostrea  liassica.  In  their  west- 
ward extension,  however,  they  exhibit  a  remarkable  litho- 
logical  change;  at  Sutton  and  Brocastle  near  Bridgend 
(Glamorgan),  they  consist  of  massive  limestones,  conglo- 
meratic at  the  base,  resting  either  on  the  Bhsetic  sands,  or 
on  the  Carboniferous  limestone.  Corals  of  the  genera  As- 
trocceniaj  MontlivaMia,  and  Thecosmilia  are  predominant  in 
the  basement  beds,  together  with  Monotis  decussata  and 
Odrea  liassica ;  the  higher  beds  contain  Ammonites  angu- 
lotus  and  LUtorina  clathrata,^ 

These  lower  zones  are  everywhere  covered  by  shales  and 
limestone  bands,  containing  Am,  Bucklandif  Am,  Conyheari, 
Oryphcea  incurva,  and  Belenmites  acvius.  The  higher  zones 
of  Am,,  Tv/meri  and  Am,  oosynotvs  are  also  well  developed, 
and  can  be  seen  at  Bredon  and  Cleeve,  near  Cheltenham, 
the  subzone  of  Am.  rarioo^fo^t^, occurring  at  the  top. 

Middle  Lias. — In  the  Cotteswold  Hills  this  division  has 
an  average  thickness  of  150  feet,  consisting  of  clays  at  the  base, 
with  Am.  Jamesonif  Am,  ibex,  and  Am,  Henleyij  sands  and 
sandy  clays,  with  Am,  margarUcUvs  capped  by  the  Marl- 
stone  rock -bed,  a  ferruginous  limestone  12  to  20  feet  thick. 
In  Warwick,  Oxford,  and  Northampton,  the  series  is  re- 
duced to  the  rock-bed,  with  a  variable  thickness  of  sands 
and  clays  below,  these  being  only  24  feet  thick  at  Burford, 
and  only  10  near  Ascott. 

Upper  Lias. — This  portion,  which  is  so  thin  near  Bath, 

*  See  "  Quart.  Journ.  Geol.  Soc.,"  voL  xxiii,  pp.  12,  199,  305,  papers 
by  Bristow,  Duncan,  and  Tate. 
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thickens  out  rapidly  northward,  and  is  300  feet  thick  at 
Cleeve  Cloud  near  Cheltenham.  Fine  sections  occur  on  the 
Cotteswolds  (Diunbleton,  Bredon,  Ac.),  the  serpentinw 
zone  having  a  Leptcena  marl  and  insect  limestones  as  at 
Ilminster ;  the  upper  clajs  belong  to  the  zone  of  Am.  hifronsy 
and  the  Midford  sands  above  are  from  30  to  40  feet 
thick. 

North-eastward  the  Upper  Lias  rapidly  thins  again  to 
100  feet,  preserving  this  thickness  along  its  outcrop  in  War- 
wick and  Northampton,  but  when  traced  along  the  valleys 
which  lead  eastward  it  becomes  still  more  attenuated ;  thus 
at  Stow  and  Sarsden  there  is  only  40  feet,  at  Burford  only 
20  feet,  and  at  Fawler  only  6  feet  of  clay,  the  Midford  sands 
having  entirely  thinned  out,  as  well  as  the  upper  beds  of 
clay,  that  which  remains  containing  Am.  anntUatus,  A,  «er- 
pentinus,  and  A.  commtmis. 


3.  Leicester  and  Lincoln, 


In  these  coimties  we  find  the  following  zones : — 


Upper 
Lias. 


Middle 
Lias. 


'  Clays  with  Am,  htfrons  and  Leda  ovum, 
„     with  Am^  communis, 
„     with  Am^  aerpentinus. 
Shales  with  fish  and  insect  limestones. 
Marlstone  rock-bed  (Am.  apinatus). 
Blue  micaceous  clays  with  septaria  and  bands  of  sandy 

ironstone  (Am,  margarilatui). 
Blue  clays  with  septaria  (Am,  capricomus). 
Blue  clays  with  thin  limestones  and  septaria  (Am.  ibex 

And  Jwmeaoni), 
Sandy  clays  and  sands,  occasionally  indurated  into  a 

stone  (Am,  armatus). 
Blue  clays  with  small  septaria  (Am,  oxynotus). 
Ferruginous  limestones  with  Am.  semicottatua. 
Blue  clays  and  grey  limestones  (Am,  Bueklandi). 
Dark  blue  pyritous  clays  (Am,  angvlatus), 
^Limestone  and  shales  (Am,  planoAis). 
White  Lias,  grey  shaly  marls  with  yellowish  nodular 

limestones. 
Black  pyritous  shales  with  Avieula  contorta  and  bone 

beds. 

The  Rhaetic  Beds  are  similar  to  those  of  the  southern 
counties ;  the  Avieula  contorta  zone  is  from  10  to  18  feet 


Lower 
Lias. 


Rhsetlc. 
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thick,  and  the  White  Lias  from  5  to  15.  Sections  may  be 
seen  at  Leicester,  and  in  seyeral  railway  cuttings  on  the 
borders  of  Lincohi  and  Nottingham. 

Lower  Lias. — The  zones  of  Am,  planorbis.  Am.  angula^ 
tu8,  and  Am,  Bucklandi  present  the  same  features  as  else- 
where, and  have  a  combined  thickness  of  about  200  feet. 
They  are  succeeded  by  several  beds  of  hard  ferruginous  lime- 
stone with  interbedded  shales  (the  Am.  semicostatus  zone), 
which  thicken  northward  till  they  are  27  feet  thick  at 
Scunthorpe  and  Frodingham,  where  they  are  worked  for 
ironstone.  The  obtuaus  zone  is  thin  or  absent,  but  clays 
with  A,  oxynotus  and  A,  raricostattis  occur,  and  are  about 
90  feet  thick. 

Middle  Lias. — This  appears  to  attain  its  maximum 
dimensions  in  Leicestershire  and  South  Lincolnshire,  where 
it  is  no  less  than  500  feet  thick,  the  zone  of  Am.  Jamesoni 
alone  Qieasuring  300  feet  near  Grantham ;  but  this  thins 
northward  till  it  disappears  altogether,  and  in  north-west 
Lincolnshire  the  total  thickness  of  the  Middle  Lias  is  less 
than  80  feet,  the  beds  there  found  being :  * — 

Feet. 
Marlstone  rock-bed  (ironstone)         .        .  8 

Clays  with  Am.  capricomua      .         ,         ,         ^Q 
IJronstone  with  Am,  arm/ttus     ...  4 

The  uppermost  member  or  Marlstone  varies  greatly  in 
thickness,  sometimes  swelling  out  to  30  feet,  and  forming  a 
bold  escarpment  (as  near  Holwell,  Eastwell,  and  Belvoir, 
where  it  is  now  largely  worked  for  ironstone),  sometimes 
thinning  to  a  mere  band,  and  even  disappearing  altogether 
for  a  space,  as  near  Lincoln  (see  fig.  64). 

The  Upper  Lias  is  about  200  feet  thick  in  Leicester- 
shire, but  steadily  decreases  northward,  till  it  is  only  60 
feet;  thus  in  North  Lincolnshire  the  whole  thickness  of 
the  Lias  is  reduced  from  1,000  to  a  little  over  400  feet. 

4.   Yorkshire. 

The  Lias  in  the  south  of  Yorkshire,  from  Brough  to 
E[irby  Underdale  and  Howsham,  is  similar  in  all  respects 

^  J.  E.  Cross,  "  Quart.  Joum.  Geol.  Soc.,"  vol.  xxxi.  p.  115. 
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to  that  of  North  Lincoln  ;  but  as  soon  as  the  valley  of  the 
Derwent  is  crossed  a  change  begins  to  be  manifest,  both 
the  Middle  and  Upper  Lias  swelling  out  till  they  again 
attain  a  development  equal  to  that  of  South  Lincolnshire. 
From  Howsham  the  outcrop  curves  round  by  Thirsk  and 
Northallerton  to  the  coast  between  Bedcar  and  Whitby, 
which  exhibits  an  excellent  section  of  the  whole  formation, 
except  the  zones  of  Am.  planorbis  and  Avicula  contorta 
(Khaetic). 

The  Rhaetics  are  known  to  occur  near  Northallerton  and 
elsewhere,  but  no  good  sections  have  been  described.  The 
** planorbis"  beds  are  visible  near  Market  Weighton.  The 
following  is  a  resume  of  the  coast  section. 

(Cement  beds  and  alum  shale,  including  zones  o{  Am.  Jurensia 
and  Am.  bijrons. 
Shales  with  jet  beds,  Ams.  communis  and  serpentinus. 
Grey  shales  with  Am.  annulatus. 
Ironstone  (Cleveland  main  seam)  and  ^ales  below,  zone  of 

Am.  spinatua^  30-90  feet. 
Ironstone  (lower  seam)  or  Fecten  bed,  with  beds  of  marly 
sandstone  below.  Am.   margaritatus  and  Fecten  laviSy 
40-60  feet. 
Clays  with  Am.  capricomns,  60-130  feet. 
Shaly  micaceous  clays  with  Am.  Jamesoni,  220  feet. 
Clays  with  Am.  oxynoius  and  raricosiatus,  100  feet. 
Shales  and  limestones  with  Am.  Tumeri  and  Am.  semieoS' 
tatus,  66  feet. 
-  Shales  with  limestone  nodules,  zone  of  Am.  Bucklandi,  112 
feet. 
Shales  and  thin  limestones,  Am.  angulatuSf  50  feet. 
Zone  o(  Am.  planorfns  below,  but  not  accessible. 


Middle. 
400  feet. 


Lower. 
370  feet. 


5.  Ireland. 


Beds  of  Bhsetic  and  Liassic  age  occur  only  in  the  extreme 
north-east  of  Lreland ;  they  crop  out  at  several  places  in 
Antrim  between  the  Trias  and  the  Cretaceous  series,  but 
are  frequently  overlapped  by  the  latter,  and  are  then  con- 
cealed from  view.  The  best  sections  are  at  Colin  Glen  near 
BeKast,  White  Head,  Island  Magee,  Lame  and  Glenarm ; 
but  nowhere  is  the  top  of  the  Lower  Lias  exposed. 

The  Rhaetic  Beds  are  about  100  feet  thick  at  Colin 
G-len ;  the  lowest  beds  are  micaceous  shales  and  sandstones 
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with  fish  remains ;  the  middle  beds  are  black  shales  with 
Avicula  contorta  and  other  fossils ;  the  upper  beds  are  grey 
and  brown  shales  with  thin  limestones,  with  whitish  marl 
and  black  shales  above,  forming  a  passage  into  the  Lower 
Lias. 

Lower  Lias. — Of  this  division  the  following  zones  are 
found  in  descending  order : — 

4.  Clays  with  Belemnites  acutus,  possibly  representing 
the  zone  of  Am.  Tv/meri, 

3.  Blue  argillaceous  limestones,  zone  of  Am.  BucMandi. 

2.  Blue  marly  clays  with  dark  limestones,  zone  of  Am. 
anqulatus. 

1.  Black  shales  with  Am.  planorhis. 

At  Portrush  the  Lias  shales  are  indurated  and  converted 
into  homstone  by  contact  with  igneous  rock. 


6.  West  of  Scotland. 

The  Secondary  rocks  of  the  Liner  Hebrides,  like  those  of 
Lreland,  owe  their  preservation  to  the  enormous  flows  of 
lava  which  were  poured  out  upon  them  in  Tertiary  times, 
and  they  now  appear  only  in  cliff  sections  or  in  valleys 
where  the  superincumbent  lavas  have  been  removed  by 
subsequent  erosion. 

The  existence  of  Liassic  deposits  at  certain  places  on  the 
west  coast,  and  in  the  islands  of  Mull,  Skye,  and  Baasay, 
has  been  known  for  a  long  time ;  but  the  most  complete 
account  of  them  is  to  be  found  in  iS-ofessor  Judd's  masterly 
paper  on  the  "  Secondary  Eocks  of  Scotland."  ^  Nearly 
every  zone  of  the  Lias  is  represented,  and  the  total  thick- 
ness of  the  formation  is  not  less  than  1,200  feet. 

Lower  Lias. — The  very  base  of  this  is  never  clearly  seen, 
so  that  it  is  uncertain  whether  the  Rhsetics  occur  below ; 
but  Professor  Judd  believes  them  to  be  absent.  The  lowest 
beds  of  the  Lias  greatly  resemble  those  of  the  same  age  in 
South  Wales ;  they  consist  of  very  hard  bluish-grey  lime- 

'  "  Quart.  Journ.  Geol.  Soc„"  vol.  xxxiv.  p.  660 ;  see  also  Bryoe  and 
Tate  in  "  Q.  J.  G.  S./'  vol.  xxix.  p.  317. 
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stones,  alternating  with  calcareous  grits  and  conglomeratic 
sandstones.  The  commonest  fossil  is  Ostrea  irregularis  (a 
Tariety  of  0.  liassica),  but  corals  Thecosmilia  Martini  and 
Isasirea  Murchisoni  also  occur,  together  with  Cardinia  con- 
cinna  and  spines  of  Acrosalenia,  Ammonites  are  not  found, 
but  the  beds  may  be  regarded  as  equivalent  to  the  zones  of 
Am.,  planorhis  and  Am.  angulatus ;  their  thickness  is  about 
200  feet,  and  they  are  well  seen  at  Applecross  and  on  the 
opposite  coast  of  Eaasay. 

The  succeeding  zone  of  Am.  BucJclandi  is  well  developed, 
and  consists  of  shelly  limestones  and  shales  crowded  with 
fossils  of  the  same  s^nes  which  are  common  in  England ; 
its  thickness  is  250  feet.  Above  are  dark  micaceous  shales 
containing  Am.  semicostaivs,  Am.  Brookii,  and  Belemnites 
actUvs,  150  feet.  The  separate  existence  of  the  Am.  oxynotus 
zone  is  not  determined,  the  fossils  of  this  zone  only  occur- 
ring at  Tobermory  in  Mull,  where  they  are  mingled  with 
others  that  belong  to  higher  horizons. 

Middle  Lias. — This  is  divisible  into  two  well-marked 
members, — a  lower  consisting  of  sandy  and  micaceous  shales, 
called  the  Pabba  shales  by  Professor  Judd,  and  an  upper 
formed  of  sandstones,  generally  calcareous,  to  which  the 
name  of  Scalpa  beds  is  given.  The  Pabba  shales  have 
some  beds  at  the  base  in  which  Am.  armatus  occurs,  but  the 
greater  portion  of  the  group  represents  the  zones  of  Am. 
Jamssoni  and  Am.  capricomvs ;  they  contain  Am.  Jamesoni, 
Am.  hrevispina.  Am.  Davcei,  Modiola  scalprum,  and  Oryphcea 
cymhium,  and  are  about  250  feet  thick. 

The  Scalpa  beds  are  well  exposed  in  Scalpa  and  Eaasay, 
and  contain  Bel.  paocillostis.  Am.  murgaritatuSf  Am.  spina^ 
tus,  Pecten  oequivalvis,  Bhynchonella  tetrahedra,  and  other 
marlstone  fossils ;  their  thickness  is  200  feet.  In  Mull 
they  are  represented  by  soft  greenish  sandstones,  with  few 
fossils. 

Upper  Lias. — As  elsewhere  this  division  consists  of 
shales  with  much  pyrites  and  jet ;  the  lower  portion  yields 
Am.  serpentinus  and  Am.  radians ,  and  the  upper  beds  Am. 
cofnmunis,  with  Belemnites  Voltzii  and  Posidonomya  Bronnii. 
Sections  are  generally  obscured  by  slips  and  grass,  but  the 
thickness  averages  from  75  to  80  feet. 
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7.  North' East  of  Scotland. 

Strata  of  Lower  Jurassic  age  are.  known  only  at  one 
locality,  namely,  in  the  reefs  below  Dunrobin  Castle  on 
the  coast  of  Sutherland,  where  they  rest  upon  the  Trias 
and  dip  N.N.E. 

Rhaetic  ? — The  basement  beds  are  coarse  sandstones 
and  conglomerates,  with  pebbles  derived  from  the  sand- 
stones and  chert-rock  of  the  underlying  Trias ;  but  without 
fossils.  They  graduate  upward  into  the  overlying  estuarine 
lieds,  but  their  precise  age  is  a  matter  of  doubt.  Their 
thickness  is  unknown,  but  considerable. 

Lower  and  Middle  Lias. — The  succeeding  beds  are 
clearly  of  estuarine  origin,  consisting  of  sandstones  and 
shales  with  thin  layers  of  clay  and  coal,  the  whole  attain- 
ing a  thickness  of  between  400  and  500  feet ;  no  fossils 
have  been  foimd  except  in  the  uppermost  beds,  where  a 
few  dwarfed  Oryj^hcea  and  Cardinia  prove  the  occasional 
presence  of  salt  water.  As  these  beds  are  overlain  by 
clays  with  Am,  oxynottis,  they  must  be  the  estuarine  equi- 
valents of  the  greater  part  of  the  English  Lower  Lias. 

The  marine  beds  above  exhibit  the  following  suc- 
cession : — 

Feet. 
3-  Dark  blue  micaceous  clays,  with  septaria,  Am.  brevispina,  Am, 

Jamesoni,  Cardium  truncatum,  Gryphaa  ct/mMum,  and  Tere- 

brtUula  punctata 80 

^'  Micaceous  sandstones  and  clays,  with  Gryphaa  obliquaf  Rht/nch. 

variabilis,  and  Belemnites  acutus 40 

I-  Blue  clays  and  impure  limestones,  with   Am.  oxt/nofus,  Am, 

caprotintts,  Bel.  acultiSf   Cardinia  ht/brida,  Lima  pectinoideSf 

and  Grt/phaa  obliqua .60 

Of  these  stages  1  and  2  are  regarded  as  Lower  Lias 
(zone  of  Am.  ozynotus),  while  3  is  certainly  the  lower  part 
of  the  Middle  Lias  (zones  of  Am,  armattis,  Jamieaoniy  and 
cnpricomus).  No  higher  beds  are  seen,  but  their  former 
existence  is  proved  by  the  occurrence  of  boulders  of  calca- 
reous sandstone,  like  those  of  the  western  coast,  in  the 
Boulder  Clays  of  Moray  and  Elgin.  These  boulders  en- 
close such  fossils  as  Belemnites  paxillosus,  Am,  actceon, 
Modiola  scalprum,  Avicula  incequivalvis,  and  Panopcea  elon- 
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gata,  and  others  which  occur  in  the  ScaJpa  sandstones  of  the 
west  coast.  It  is  quite  possible  indeed  that  such  rocks  (of 
Marlstone  age)  may  still  exist  in  situ  beneath  the  vast 
masses  of  glacial  clay^  which  mantle  the  surface  of 
Elginshire.  ^ 

No  proof  that  Upper  Lias  was  ever  deposited  on  this 
coast  has  jet  been  discovered  ;  and  no  fossils  of  that  divi- 
sion occur  in  the  Boulder  Clays^ 

§  B.  Middle  Jubassic  Series. 

Subdivisions  and  their  Correlation. — This  part  of 
the  Jurassic  system  consists  of  a  variable  series  of  oolitic 
limestones  and  marly  clays,  none  of  the  strata  continuing 
long  of  the  same  tluckness,  and  many  beds  thinning  out 
altogether  within  comparatively  short  distances.  The  most 
persistent  stratum  is  that  known  as  the  Combrash,  which 
lies  at  the  summit  of  the  series.  The  beds  which  appear 
in  different  districts  have  for  the  most  part  received  local 
names,  and  the  correlation  of  these  subdivisions  is  not  by 
any  means  an  easy  matter.  The  results  of  the  work  done 
in  this  field  are  embodied  in  the  following  table,  which 
shows  the  members  of  the  series  in  five  different  sections  of 
their  range  across  England. 


Dorset  and 
Somerset. 

Cornbrash. 
Forest  Marble. 

Great  Oolite 
and  Fuller's    . 
Earth. 

Inferior  Oolite." 


Ce 


•phalopoda 


Oloncester  and 
Wilts. 


Cornbrash. 
Forest  Marble. 

Great  Oolite. 
Stonesfleld 

Slate. 
Fuller's  Earth. 
Inferior  Oolite. 

Pea  Grit  and 
Cephalopoda 
Bed. 


Oxford  and  Nor- 
thampton. 


Cornbrash. 
Thin. 

Great  Oolite. 
Estnarine  Beds. 

Absent. 
Absent. 

Northampton 
Sand. 


Rutland  and 
Lincoln. 


Cornbrash. 
Gt.  Ool.  Claj. 

Great  Oolite. 
Estnarine  Beds. 

Absent. 
Lincolnshire 

Limestone. 
Northampton 

Sand. 


Yorkshire. 


Cornbrash. 
Upper  Estna- 
rine group. 
Absent. 
Absent. 

Absent. 
Scarborough 

Oolites. 
Estnarine  Beds 

and  Dogger. 


These  several  members  are  generally  grouped  imder  two 
heads :  (1)  the  Inferior  Oolite,  which  may  be  called  the 
Glevonian,  from  its  great  development  in  Gloucestershire  ; 

^  Judd,  "  Quart.  Journ.  Geol.  Soc.,"  vol,  xxisr.  p.  165. 
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(2)  the  Great  Oolite  or  Bathonian  (Bath  Oolite).     This 
grouping  is  as  follows : — 

Great  OoUte     I  ^o^nbrash. 
/x>  i.1-     •      \    \  Forest  Marble. 
(Bathoman.)    ( (j^t  OoUte. 

1  £    '     r\  V4.    (  Fuller's  Earth  (chief  part). 
Inferior  Ooute  iTrrki-xT-j. 

/>^i         .      V  <  Inf.  Oolite  Liinestones. 

(Glevoman.)  ^  Basement  Beds. 

In  describing  the  stratigraphy  of  this  series,  we  shall 
consider  separately  each  of  the  districts  mentioned  in  the 
above  table. 

Geographical  Range. — This  series,  like  the  Lias, 
ranges  completely  across  England  from  Dorset  to  York- 
shire. It  occupies  the  Dorset  coast  between  Bridport  and 
Weymouth,  and  runs  inland  by  Yeovil,  Sherborne,  and 
Bruton,  to  the  Mendips.  In  Gloucestershire  it  forms  the 
well-knovni  scenery  of  the  Cotteswolds,  and  spreads  over  a 
considerable  width  of  country.  Thence  it  passes  through 
the  counties  of  Oxford,  Northampton,  Rutland,  and  Lin- 
coln, forming  the  long  escarpment  known  as  the  "  cliff"  in 
Lincolnshire,  which  runs  due  north  from  Grantham  by 
Ancaster,  Navenby,  Lincoln,  and  Kirton  to  the  Humber. 

In  South  Yorkshire  it  makes  but  little  show,  the  beds 
being  thin,  but  they  thicken  out  nortb-west  of  Malton, 
sweeping  roimd  to  the  north  of  Helmsley  and  forming  the 
high  ground  of  the  Yorkshire  Wolds,  which  range  from 
west  to  east,  and  terminate  in  the  cliffs  between  Whitby 
and  Scarborough. 

Bocks  belonging  to  this  series  occur  in  Skye  and  several 
other  islands  on  the  west  coast  of  Scotland ;  they  also 
form  a  narrow  strip  of  ground  on  the  east  coast  of 
Sutherland. 

No  beds  of  this  age  have  been  found  in  Ireland. 


Life  op  the  Period. 

Marine  Fauna. — The  fauna  of  the  Middle  Jurassic 
rocks  is  closely  related  generically  to  that  of  the  Lias, 
though  only  about  sixty  species  actually  pass  from  one  for- 
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mation  to  the  other.  The  fauna  of  the  Oolitic  Limestones 
differs  from  that  of  the  Lias  principally  in  the  relative 
abundance  of  Corals,  Echinoderms,  and  Gasteropods.  This, 
however,  is  sufficiently  explained  by  the  fact  that  these 
limestones  were  evidently  formed  in  the  neighbourhood  of 
coral-reefs,  such  reefs  at  the  present  day  always  abounding 
in  sea-urchins  and  univalve  shells.  Brachiopoda,  too,  are 
individually  very  abundant,  though  the  number  of  species 
is  not  greater  than  in  the  Lias,  and  the  genera  are  the 
same,  except  that  Leptcena  and  Spiriferina  do  not  occur. 

Among  Ghisteropods  a  few  new  genera  make  their  ap- 
pearance, such  as  Bulla,  Cirrus,  and  Emarginula,  but  the 
most  important  introductions  are  the  Echinoderms  Clypeus, 
Collyrites,  Echinohrissus,  Hemicidaris,  Molectypue,  Hybo- 
clypus,  Pygaster,  JPolycyphus,  Pygurus. 

The  number  of  species  obtained  and  described  from  this 
series  up  to  1884  amounted  to  1883.  The  following  are 
those  which  characterize  the  five  principal  divisions  in  the 
south-western  coimties: — 


Fossils  of  the  Cephalopoda  Bed. 

Brachiopoda. — Bhynchonella  cynocephala. 

Lamellihranchs, — Kinnites  abjectus,  Pholadomya  fidicula, 
Pema  rugosa,  Trigonia  striata. 

Cephalopoda, — Ammonites  opalinus,  Am.  striatulus,  Am. 
variabilis,  Belemnites  compressus,  Bel.  irregularis,  Nau- 
tilus inomata. 


Fossils  of  the  Inferior  Oolite. 

Actinozoa. — Anabacia  hemispherica,  Thecosmilia  gregaria. 

Echinodemiata, — CoUyrites  ringens,  Stomechinus  ger- 
minans,  Pygaster  semiplicatus. 

Brachiopoda, — Ehynchonella  spinosa,  Terebratula  fim- 
bria, Ter.  Phillipsii,  Ter.  sphseroidalis. 

LamieUibrancha,  —  Astarte  elegans,  Gresslya  abducta, 
Gryphsea  subloba,  Ostrea  flabelloides,  Lima  pectiniformis, 
Pholadomya  fidicula,  Trigonia  costata. 
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Qofteropoda. — CimiB    nodoBUB,    Pleurotomaria    omata,  ■ 
Chemnitzia  procera,  Nerintea  terebrsrformiB. 

Cephalopoda. — Ammonites  MurchiBonite,  Am.  Sowerbyi, 
Am.  HumphrieBianus,  Am.  FarkinBooi  (in  zones  from  belov 
upwarde),  BelemniteB  giganteue,  Nautilus  truncatus. 


Fig.  6B.    Inferior  Oolite  Fouili. 


I.  Antbacia  hemiapherioa. 
i.  Rhynchonelia  spi 
;.  Ostrea  flabelloide 


J.  Pboladomjra  fldicola. 
(.  Pleurotomaria  ornata. 
/.  AmmuniMs  Hnmphrietiai 


Fossils  of  the  Puller's  Earth. 

Lamellibranehe. — Ostrea  acuminata,  Gkiuiomja  literata, 
Ceromya  ooacentrica,  Qeryillia  acuta  (all  also  in  Inf. 
Oolite). 

Brachu^poda. — Terebratula  omithocephala,  BbTnuli.  va- 
riaoB. 

Ontteropoda. — Alana  Phillipaii. 
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Fossils  of  the  Great  Oolite. 


Aetinoxoa.—lBB,Btre&  ezplanata. 
Eehinodermata. — Hemicidaris  mi 


Fig.  69.     Great  OoliU  Fonils. 

a.  PterophyJIum  uomplum.  e.  lima  cardiiformii. 

b.  UemiciJkris  mioor.  f.  Trigcmu  Goldfiusii. 

c.  Rhynchonella  concinnK.  g,  Furparoidat  Morriaii. 

d.  Terebratula  digona.  k.  NeruiB*  Vohzii. 

Braekuqmda. — ^Terebratula  maxillata,  Ter,  dlgona,  Bfayn- 
cltonella  obsoleta,  Rh.  concinna. 

LameUibraTichvUa. — Lima  cardiiformia,  Trigonia  Oold- 
fussii,  Tr.  impressa,  Ostrea  Sowerbyi,  Pholadomja  acati- 
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Gasteropoda. — Purpuroidea  Morrisii,  Nerineea  Voltzii, 
Patella  rugosa,  Nerita  costulata. 

Cephalopoda. — Nautilus  Baberi. 

Fiah. — Strophodus  magnus,  Pholidophorus  minor. 

Reptiles.  —  TeleosauruB  brevidens,  Bhamphorhjncbus 
Bucklandi. 

Mammals.  —  Amphitherium  Prevostii,  Stereognathus 
ooliticus,  Phascolotberium  Bucklandi. 


Fossils  of  the  Forest  Marble  and  Cornbrash. 

Actinozoa. — Anabacia  orbidites  (passes  to  Cornbrash). 

Echinodermata.  —  Apiocrinus  Parkinsoni,  Acrosalenia 
spinosa,  A.  hemicidaroides,  Holectjpus  depressus. 

Brachiopoda.  —  Terebratula  intermedia,  Ter.  Bentleyi, 
Ter.  coarctata. 

Lamellihranchs. — Avicula  echinata,  A.  costata,  Pecten 
arcuatus,  Lima  duplicata,  Myacites  securiformis. 

Gasteropoda. — Chemnitzia  vittata,  Purpuroidea  omata, 
Patella  cingulata,  Amberleya  nodosa,  Cylindrites  acutus. 

Cephalopoda. — Ammonites  discus,  Am.  Herveyi. 

Terrestrial  and  Freshwater  Fauna.— The  estuarine 
beds  which  occur  occasionally  in  these  rocks  furnish  us  with 
some  interesting  remains  of  these  faunas.  The  borders  of 
the  rivers  and  estuaries  must  Have  been  clothed  with  a 
dense  vegetation,  ferns  of  the  genera  Pecopteris,  Sphenop- 
teris,  Glossopteris,  Tceniopteris ;  Cycads  of  many  genera, 
Cycadiies,  Zamiies,  PterophyUvan,  Otozamites,  Ac. ;  Conife- 
rous trees  'such  as  Thuyites,  Pinites,  and  Brachyphyllum, 
with  others  resembling  the  modem  Araucaria.  Among 
this  vegetation  insects  abounded,  such  as  Beetles,  Flies,  and 
Dragon-flies. 

In  the  water  lived  Molluscs  of  the  genera  Cyrena,  Ano- 
don,  and  Crocodiles  of  the  Gavial  type,  Teleosaurus,  Steneo- 
saurus,  and  Streptospondylus. 

On  land  there  were  small  Marsupials,  Amphitherium 
similar  to  the  insectivorous  Myrmecobius  of  Australia, 
Amphilestes  and  Phascolotherium  (fig.  70),  related  to  the 
Opossums,  and  Stereognathus,  whose  affinities  are  doubtful. 

II.  T 
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The  huge  Dinosauria,  Megalosaurus  and  Ceteoaaurus,  were 
terrestrial  reptiles,  the  former  carnivorous  and  the  latter 
probably  a  vegetable  feeder ;  in  both  the  hind  legs  are 
much  longer  than  the  fore  limbs:  There  is  little  doubt 
that  they  habitually  walked  on  their  hind  legs  alone. 

The  Pterosaurians  {Fterodactylus  and  Bamphorhynctu) 
were  lizards  with  bat-like  wings  and  a  light  skeleton  like 
that  of  a  bird,  but  their  jaws  were  furnished  with  sharp 
teeth. 


Stratigraphy. 

1.  Dorset  and  Somerset. 

Inferior  Oolite  Group. — The  lowest  beds  of  this 
group  are  well  exposed  on  the  coast  near  Burton  Bradstock* 
where  the  cliff  section  is  as  follows : — 

Feet. 

(Fuller's  Earth  (lower  part) 
Limestones   with  Am,   Parkitisoni,  and  a 
bed  full  of  Ter.  sphceroidalis  at  base        .         5 
Limestones  with  Am,  Humphriesianus        .         3 
Cephalopoda  Bed  {Am,  opalinus)        ,         .         4; 
Upper  Lias.  Sands  with  Am.  jurensis         .         .         .100 

The  basement  zone  consists  of  a  brown  marly  ironshot 
limestone,  and  is  called  the  **  Cephalopoda  Bed,"  from  the 
abundance  of  Ammonites^  Belemnites,  and  Nautili  which  it 
everywhere  contains  (see  p.  318).  It  is  here  in  two  beds, 
with  a  clay  parting  and  a  layer  at  the  base  full  of  Belem- 
nites.     This  zone  is  continuous  throughout  the  district. 

The  overlying  limestones  represent  the  upper  portion  of 
the  Inferior  Oolite,  the  lower  zones  (of  Am.  Sowerhyi  and 
Am.  Murchisonice)  being  absent  near  Burton,  though  repre- 
sented inland  near  Sherborne  and  Bradford  Abbas,  and 
thence  northward  through  Somerset ;  the  thickness  of  the 
beds  gradually  increases  till  between  Frome  and  £!ath  this 
limestone  division  is  60  feet  thick.  Near  Sherborne  and 
elsewhere  it  is  quarried  for  building  stone. 

The  Fuller's  Earth  attains  its  maximum  development  in 
Dorset,  being  400  feet  thick.     It  is  a  marly  clay,  generally 


CHAP.  IX.]  JUBASSIC    SYSTEM.  323 

of  a  greenish  or  yellowish  grey,  but  sometimes  blue ;  it  con-  . 
tains  many  beds  of  the  peciiliar  soft  greasy  kind  of  clay 
which  is  used  for  fulling  purposeff^whence  the  name) ;  near 
the  middle  there  are  often  beds  of  rubbly  limestone,  which 
are  called  Fuller's  Earth  rock.  It  rapidly  thins  northward, 
and  in  Somerset  is  only  from  150  to  120  feet. 

Great  Oolite  Group.  —  Unless  represented  by  the 
uppermost  beds  of  the  Fuller's  Earth,  the  Stonesfield  slate 
and  Great  Oolite  limestone  are  absent  in  Dorset.  The 
Great  Oolite  commences  as  a  definite  band  near  Frome 
(with  the  Bradford  Clay  above  it),  and  thickens  northward 
till  it  is  some  80  feet  thick  near  Bath,  where  it  includes  the 
well-known  freestone  called  Bath  Stene,  and  consists  of 
three  members  as  below : — 

Feet. 
Upper  Eags — shelly  and  oolitic  lilnestenes  .     20  to  50 

Pme  Freestones,  oolitic 10  „  30 

Lower  Bags — coarse  shelly  limestones        .         .     10  „  4f0 

The  Forest  Marble  group  is  very  thick  in  Dorset  (450 
feet).  It  is  formed  of  numerous  beds  of  fissile  limestone 
divided  by  seams  of  clay.  In  Somerset  it  is  not  more  than 
100  feet  thick,  and  includes  some  beds  of  sand  and  sand- 
stone. Near  Frome,  Bradford,  and  Farleigh,  the  Great 
Oolite  is  separated  from  the  Forest  Marble  by  a  deposit  of 
pale  grey  marly  clay,  which  is  known  as  the  Bradford  Clay,  4 
and  is  celebrated  for  the  abimdance  of  Apiocrinua  Parkin- 
soni.  This  clay  contains  seams  of  brown  limestene  and 
calcareous  sandstone  similar  te  those  of  the  Forest  Marble, 
and  it  yields  many  of  the  same  fossils,  such  as  Amcula 
costata,  Terebratula  digona. 

The  Combrash  is  a  coarse  rubbly  ferruginous  limestene 
of  a  bluish-grey  colour,  weathering  rusty-brown.  In  Dorset 
it  is  about  40  feet  thick. 


2.  Oloucester  and  WiUs. 

Inferior  Oolite  Group. — In  this  district  are  the  classi- 
cal sections  of  the  Inferior  Oolite  at  Leckhampton  and 
Cleeve  HxQ,  near  Cheltenham,  where  the  following  beds  are 
distinguished : — 
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Feet. 
Ragstones  or  Trigonia  grits,  coarse  shelly  limestones,  zone  of  Am, 

Parkinsoni 38 

Upper  Freestones,  with  Am.  Humphriesianus         ....  34 

Oolite  marl,  with  Terebratula  fimoria 7 

Lower  Freestones,  without  fossils 147 

Pea-grit  or  Pisolite,  with  a  coarse  brown  ferruginous  rock  at  base, 

zone  of  Am,  Murchisonia 38 

Brown  marly  rock  =  the  *^  Cephalopoda  Bed "  (zone  of  Am. 

opalinus) 5 

269 

At  other  localities  some  of  the  beds  between  the  Pea-grit 
and  the  Upper  freestones  contain  Am.  Sowerhyi,  Terebratula 
Eudesiiy  Asiarte  excavata,  and  A.  elegaiis.  In  passing  to 
the  east  all  the  freestone  beds  thin  out,  and  the  ragstones 
only  remain  above  the  zone  of  Am.  Murchisonice. 

The  Fuller's  Earth  is  120  feet  thick  at  Wooton-under- 
Edge,  70  at  Stroud,  from  40  to  30  near  Cheltenham,  and 
dies  out  altogether  near  Barrington  in  the  valley  of  the 
Windrush.  Ostrea  acuminata  and  Bhynchonella  concinna 
are  common  fossils. 

Great  Oolite  Group. — The  Great  Oolite  limestone, 
which  forms  such  a  conspicuous  feature  near  Bath  and 
Corsham,  maintains  its  importance  through  Gloucester.  At 
its  base  are  two  or  three  feet  of  sandy  calcareous  shale,  in 
which  Trigonia  impressa  is  a  common  fossil ;  these  are  the 
equivalents  of  the  "  Stonesfield  slate,"  so  named  from 
Stonesfield,  in  Oxfordshire,  where  they  are  largely  quarried 
for  roofing-slates,  though  properly  speaking  they  are  lami- 
nated stone  and  not  slate.  They  are  also  quarried  near 
Cheltenham  and  Stow  in  Gloucestershire,  but  the  beds  are 
rarely  more  than  four  feet  thick.  The  ragstones  and  lime- 
stones of  the  main  mass  of  Great  Oolite  are  some  60  feet 
thick  at  Minchinhampton  and  Northleach.  The  lower  beds 
are  coarse  sandy  or  oolitic  limestones,  with  more  or  less 
oblique  lamination ;  the  higher  beds  are  white  marls  and 
compact  limestones  in  even  layers. 

The  Bradford  Clay  becomes  very  thin  nortk  of  Bath, 
but  is  traceable  through  the  district.  The  Forest  Marble 
is  also  much  reduced  in  thickness,  being  some  40  feet  thick 
between  Cirencester  and  Northleach,  and  still  less  on  the 
borders  of  Oxfordshire.     It  is  worked  for  slates  and  paving- 
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flags.     The  Combrash  is  persistent  at  the  summit,  but  is 
seldom  more  than  10  to  15  feet  thick. 


3.  Oxford  and  Northwmpton, 

Inferior  Oolite  Group. — In  this  district  the  Inferior 
Oolite  is  reduced  to  its  minimum  thickness,  but  certain 
portions  of  the  Cotteswold  group  can  be  traced  as  far  east 
as  Chipping  Norton  and  Fawler.  At  these  places  Mr. 
E.  A.  Walford  has  recognized  the  following  beds  : ' — 

Feet. 
E.  The  Chipping;  Norton  limestone,  grey  or  cream-coloured,  often 

siliceous 20 

D.  Sandj  and  marly  limestones,  Am,  Parkineoni,  ...  5 
C^.  The  Cljpeus  grit,  a  rubbly  oolitic  or  pisolitic  rock,  with 

Clypeus  Plottii  and  Am,  Parkinsoni 15 

C^.  RublHy  and  marly  limestone,  with  Aatarte  minima,  Trigonia 

angulaiaf  and  corals  (zone  of  Am,  Humphriesianua)  .  .  3 
B.  Cream-coloured  ooliticlimestones,  ^m.  Sfn<>er6^'?  .  .  .12 
A.   Sandy  blue-hearted  limestones.  Am,  MurchisonuB  and  Rhynch, 

cynocephala         ....«.•••        5 

At  some  localities  near  Fawler  the  lower  limestones  are 
absent,  and  the  basement  bed  of  the  Clypeus  grit  (C*)  rests 
directly  on  the  Upper  Lias.  This  bed  contains  blocks  of 
limestone  covered  with  oysters  and  pierced  by  Lithodomi, 
and  Mr.  Walford  thinks  these  are  portions  of  the  Freestone 
beds  which  had  been  originally  formed  over  Oxfordshire, 
but  were  subsequently  broken  up  and  destroyed  before  the 
deposition  of  the  Clypeus  grit. 

When  we  reach  the  valley  of  the  Cherwell  we  find  no 
limestones  at  all,  the  Inferior  Oolite  being  represented 
only  by  10  or  12  feet  of  brown  sandstone  and  sandy  iron- 
stone, overlain  by  calcareous  flagstones  ("plank  beds"), 
which  may  belong  to  the  Great  Oolite.  These  sandy  beds 
thicken  out  rapidly  again  to  the  north-east,  and  in  spite  of 
the  lithological  dissimilarity  they  are  considered  as  equiva- 
lent to  the  lower  part  of  the  Inferior  Oolite  of  Cheltenham, 
i.e.,  the  zones  of  Ain.  opalinus  and  Am,  Murchiaonice,  Near 
Northampton  the  succession  is  given  by  Mr.  S.  Sharp  *  as 
follows : — 

*  *'  Quart.  Joum.  Geol.  Soc.,"  vol.  xli.  p.  38. 
^  **  Quart.  Journ.  Geol.  Soc.,"  vol.  xxvi.  p.  354. 
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Lower 
Estaarine. 

Ironstone 
Beds. 


{ 


White  or  grey  sand,  containing  a  plant  bed   . 
White  sand  and  ferruginous  sandstone,  with  shelly 

calcareous  beds,  very  variable,  up  to 

Coarse  oolitic  limestone 

Sandy  ironstones,  with  Bhifnch.  cynocephala,  Rh. 

variabilis,  Ammonites  bij'rons    .         .         .         . 


Feet 
12 

30 
4 

35 


To  these  beds  the  name  of  Northampton  Sand  has  been 
applied. 

Great  Oolite  Group. — ^This  group  is  much  more  per- 
sistent than  the  Inferior  Oolite.  Throughout  Oxfordshire 
the  Great  Oolite  is  divisible  into  two  zones : — 


2.  White  limestones,  often  oolitic 
1.  Shelly  limestones  and  marls,  with  the 
Stonesfield  Flags  or  "  Slate  "  at  the 
Dase  •..*•• 


Feet. 
20  to  30 


25  to  35 


Fig.  70.    Marsupials  from  StonesBeld. 

1.  Phascolotherium  Bucklandi. 

2.  Amphitherium  Broderipii. 

The  jaws  are  of  the  natural  size,  above  each  are  enlarged  views  of 

the  molar  teeth. 

The  Stonesfield  Beds  have  yielded  a  remarkable  assem- 
blage of  fossils,  notably  the  small  Marsupials  Amphitherium, 
Phascolotherium,  &c.,  the  Reptiles  Megalosaurua,  Teleosaurus, 
Fish  of  several  genera,  Ferns,  Cycads,  and  Conifers  among 
plants,  and  a  large  number  of  MoUusca.  (See  Phillips, 
"  Geology  of  Oxford,"  p.  168.) 

As  the  lower  zone  of  the  Great  Oolite  is  traced  into 
Northampton,  it  is  found  to  pass  into  a  set  of  sands  and 
clays  which  are  called  the  Upper  Estuarine  series  by  Mr, 
Sharp.  In  the  absence  of  any  Inferior  Oolite  limestone  these 
beds  rest  upon  the  Lower  Estuarine  series  of  the  Northamp- 
ton Sand,  but  the  two  estuarine  groups  are  sharply  divided 
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from  one  another,  the  lowest  bed  of  the  upper  group  being 
a  layer  of  ironstone  nodules,  which  rest  on  an  eroded 
surface  of  the  lower  sands,  as  in  fig.  71. 

The  Bradford  Clay  and  Forest  Marble  thin  out  and  are 
absent  for  a  space  in  Oxford  and  Bucks,  where  the  Combrash 
immediately  overlies  the  Great  Oolite ;  but  near  Blisworth 
and  Northampton  a  thin  bed  of  clay  occurs  in  their  place, 
and  this  thickens  northward  to  about  20  feet.  It  contains 
Placunapsis ^  socialis  and  Ostrea  Scnoerbyi,  but  few  other 
fossils. 


Fig.  71.     Section  in  Pit  near  Northampton. 

d.  Soil  and  Drift.  b.   White  sand  passing  into 

c.   Upper  Estuarfne  clays.       a.  Sand-rock  (Lower  Estuarine). 


4.  Rutland  and  Lincoln, 

Inferior  Oolite  Group. — The  Northampton  Sand 
continues  as  the  lowest  member  of  this  group,  and  consists, 
as  in  Northampton,  of  ironstone  at  the  base,  passing  up 
into  yellow  sands,  which  are  succeeded  by  white  sands  and 
pale  clays  (Lower  Estuarine  beds).  Between  these  and  the 
Upper  Estuarines  a  thin  wedge  of  limestone  sets  in,  com- 
mencing in  the  valley  of  the  Welland,  and  rapidly  thicken- 
ing northwards  it  becomes  the  important  formation  known 
as  the  Lincolnshire  Limestone,  which  in  South  Lincolnshire 
is  not  less  than  150  feet  thick. 

At  its  base  in  South  Lincolnshire  are  some  beds  of  fissile 
sandy  limestone,  which  form  a  passage  from  the  Lower  Es- 
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tuarine  Beds;  these  contain  ferns  (Polypodiies  LincUeyi), 
with  Lucina  WrigJUii,  Hinnites  dbjedtus,  Pecten  demisaus,  Tri' 
gonia  compta,  Astarte  eleganSf  and  Pterocera  Bentleyi,  but 
no  Ammonites.  At  CoUyweston  (near  Stamford)  these 
beds  are  12  feet  thick,  but  they  thin  northward  and  are 
hardly  distinguishable  at  Ancaster,  where  the  beds  seen 
are — 

Feet. 

Lincolnshire  limestone 100 

Course  of  sandy  stone 1 

Purple  clays  and  white  sands  (Lower  Est.  Beds)  .  8 

Sandy  ferruginous  rock  (Ironstone)     ...         10 

The  Lincolnshire  limestone  frequently  contains  beds  in 
which  corals  are  very  abundant,  and  which  haye  evidently 
been  accumulated  in  the  near  neighbourhood  of  coral-reefs ; 
the  upper  layers,  too,  invariably  exhibit  much,  current  bed- 
ding; Ammonites  are  rare,  but  Am,  MurcHaonice,  Am. 
Sowerbyi,  and  Am.  subradiatua,  have  been  found ;  Echino- 
derms  are  not  imcommon ;  Gasteropods  {Natica,  Neinncea, 
Patella^  Pleurotom>aria,  Trochvs,  Trochotiyma)  aire  common ; 
Bhynchonellce  and  Lamellibranchs  of  manyi  species  are 
abundant.  The  fauna  has  eminently  a  shallow-water  and 
coral-reef  €acies,  and  in  point  of  time  the  limestone  appears 
to  be  the  representative  of  the  lower  Glouce8l;er8hire  free- 
stones (zone  of  Am,  Sowerhyi)  with  the  Oolite  marl;  its 
uppermost  portion  (where  thickest)  may  possibly  represent 
the  zone  of  Am.  Humphriesiamis,  but  that  fospfl  has  never 
been  found  in  it.  The  Eagstone  division  and  the  Fuller's 
Earth  are  certainly  absent,  and  there  is  evidence  of  a  gap 
with  erosion  between  the  Limestone  and  t|ie  overlying 
Great  Oolite  in  Eutland  and  Northampton,      j 

The  Lincolnshire  limestone  affords  excellent  building 
stone,  which  is  largely  quarried  at  Ketton,  Cast^rton,  Stam- 
ford, Corby,  Ancaster,  Lincoln,  and  other  places.*  In 
North  Lincolnshire  its  thickness  again  lessens  to  about  60 
feet. 

Great  Oolite  Group. — This  group  consists  of  four 

^  See  "Mems.  Geol.   Surrey,  Geology  of  Rutland"  (Judd),  and 
"  Geology  of  S.  W.  Lincolnshire  "  (Jukes-Browne). 
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members,  which  are  persistent  through  the  whole  district, 
though  they  vary  somewhat  in  thickness ;  they  are — 

Feeu 
4.  The  Combrash        ....     about  15 
3.  The  Great  Oolite  clays    .         .         .         „     20 
2.  The  Great  Oolite  limestone     .         .         „     20 
1.  The  Upper  Estuanne  beds      .         .         „     30 

The  Upper  Estuarine  beds  consist  of  white,  blue,  green, 
and  variegated  clays,  with  seams  of  lignite  and  occasional 
courses  of  sandy  stone;  the  basement  bed  is  a  brown 
ferruginous  nodular  sandstone,  which  rests  unconformably 
upon  the  Lincolnshire  limestone  in  Rutland  and  Nor- 
thampton, though  in  Lincolnshire  no  such  evidence  of 
erosion  has  been  observed.  The  fossils  are  sometimes 
marine,  sometimes  estuarine  forms  (Cyrena,  &c.). 

The  Great  Oolite  limestone  consists  of  soft  white  marly 
limestones,  separated  by  layers  of  marly  clay.  The  preva- 
lent fossils  are  Ostrea  Sowerhyi,  0.  submgulosa,  Homamya 
gibhoaa,  and  Clypetts  Mulleri, 

The  Great  Oolite  clays  are  of  many  colours,  blue,  green, 
yellow,  and  purple ;  the  only  fossils  are  Placunopsia  socialis 
and  the  oysters  above  mentioned. 

The  Combrash  is  as  usual  full  of  fossils;  Holectypvs 
depresaua,  Echinohrisavs  clunicularia,  Avicula  echirmta,  and 
Ammonites  Herveyi  are  characteristic  and  common. 


5.   Tarkshire, 

Inferior  Oolite  Group. — Li  South  Yorkshire  the 
Middle  Jurassic  series  is  quickly  overstepped  by  the  Cre- 
taceous rocks,  but  beds  of  the  Lincobishire  type  are  seen 
near  South  Cave.  When  they  again  emerge  in  North 
Yorkshire  the  series  has  imdergone  much  transformation, 
and  the  mass  of  the  Liferior  Oolite  consists  of  estuarine 
sandstones  and  shales  300  or  400  feet  thick.  Marine  beds, 
however,  occur  at  the  top  and  bottom,  and  also  as  a  thin 
zone  in  the  midst  of  the  Estuarine  series,  the  succession 
being  as  follows,  and  the  thicknesses  those  in  the  cliff 
sections : — 
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5.  Scarborough  limestone 
4.  Eetuariiie  beds 
'  3.  Millepore  beds  (marine) 
2.  Lower  Batuarine  series 
1.  The  "  D<^ger,"  and  Blue  Wyke 
sands 


20  to  60 
50  to  100 
20  to    40 


40  to    80 


1.  Above  tiie  Has  {Am.  jiirensU  zone),  at  Blue  Wjke  and 
elsewhere,  are  yellow  and  grey  micaceous  sands  containing 
Amvionilee  aalenai«.  Lingtda  Beanii,  and  KhynckoneUa  cyno- 
cephala.    These  are  regarded  by  Steasrs.  Blake  and  Hudle- 


Fig.  73.    Les> 


Scarborough. 


(J).  GrJithoppeBBj, 


ston  as  representing  the  o^alinus  zone.  They  are  sur- 
mounted by  the  "  Dogger,"  a  sandy  ironstone  often  oolitic, 
which  contains  many  fossils  and  may  be  regarded  as  the 
equivalent  of  the  Northampton  ironstone. 

2.  The  Lower  Estuarine  series  is  very  thick,  and  includes 
the  "Great  Sand-rock  "  which  is  largely  used  as  a  building- 
atone  in  Eskdale.  On  the  coast  beds  appear  in  the  cliffs 
from  Eobin  Hood's  Bay  to  Huiittliff.  The  shales  and 
oolitic  ironstones  contain  plant  remains  in  some  abundance. 

3.  The  Millepore  beds  consist  of  a  hard  calcareous  sand- 
stone with  the  Millepiore  Spiropora  etramtnea,  overlain  by 
shales  and  sandstones  containing  Trigonia  redicosta,    Ce- 
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romya  Bajociana,  Oervillia  lata,  Pygaster  semiaulcattis,  and 
other  fossils. 

4.  The  Middle  Estuarine  series  consists  of  shales  and 
sandstones,  with  thin  layers  of  coal  varying  from  two  to 
eighteen  inches  in  thickness.  The  "  plant  bed  "  of  Gris- 
thorpe  Bay  has  yielded  fine  specimens  of  Ferns  (PecopteriSf 
Fhlebopterisy  Glosaopteris,  Tceniopteria,  &c.),  the  Cyi^s 
IHeraphyUum,  Cycadites,  and  Otozamites,  and  the  Horsetail 
EquisetUes  columnaris. 

5.  The  beds  termed  the  Scarborough  Limestone  are  grey, 
shaly  limestones,  often  ferruginous ;  they  contain  Ammonites 
HumphriesiamiSf  Gervillia  acuta,  Avicula  Braamhuriensis, 
&c.  They  form  a.  lenticular  mass,  very  thin  at  Gristhorpe, 
but  thickening  to  the  north-west. 

Groups  3  and  4  certainly  represent  the  Lincolnshire  lime- 
stone, and  the  Scarborough  limestone  appears  to  be  the 
zone  of  Am,  Humphriesiantts, 

Great  Oolite  Group. — The  limestone  of  the  Great 
Oolite  has  entirely  thinned  away  beneath  the  Cretaceous 
overstep,  and  the  whole  group  is  represented  on  the  York- 
shire coast  by  shales  and  sandstones  of  estuarine  origin, 
capped  by  a  thin  band  of  Combrash,  with  marine  fossils. 

In  Gristhorpe  Bay  this  estuarine  series  is  120  feet  thick, 
consisting  of  marine  sandstones  in  the  lower  part,  and 
shales  with  thin  sandstones  above.  Further  north  they 
are  over  200  feet  thick.  A  few  ferns  (Cyclopteris  and  Pecop- 
teris)  are  the  only  fossils. 

The  Combrash  is  very  thin,  only  five  or  six  feet,  but  has 
the  usual  characters,  being  a  grey,  rubbly  ironshot  lime- 
stone full  of  the  ordinary  fossils,  among  which  are  Am- 
monUee  Herveyi,  Avicula  echinata,  Lima  rigidula,  and 
Waldheimia  lagenalis. 


6.  West  of  Scotland. 

At  certain  localities  in  the  Inner  Hebrides  strata  occur 
between  the  Lias  and  the  Tertiary  lavas  which  are  com- 
parable to  our  English  Oolites,  more  especially  to  those  of 
the  Yorkshire  area  (see  figs.  66  and  67), 

Inferior    Oolite    Group.  — "  Rocks   of   this    age," 
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says  Professor  Judd»  *'  must  have  originally  had  a 
very  wide  distribution,  for  traces  of  them  are  found  at 
yarious  points  from  the  Shiant  Isles  in  the  north  to 
Ardnamurchan  in  the  south.  The  best  exposures  of  their 
strata,  however,  are  those  which  occur  in  the  islands  of 
Skye  and  Eaasay."  ^     Here  the  succession  is  as  follows : — 

Feet. 
Limestones  almost  wholly  made  up  of  oomminated  shells ;  Ostrea 

Sowerbt/ii  Wdldheimia  lagencuis  =  ?  zone  of  v4m.  Parkintomi .  45 
Beds  of  white  sand8tone,.with  thin  shaly  bands  containing  remains 

of  Ferns  and  Cycads 60 

Beds  of  sandstone  and  shale,  the  former  passing  into  shelly  lime> 

stones ;  Am.  Humphriesianus,  Bel.  gigaiUeua .        .  .160 

Sandy  micaoeons  shales  alternating  with  calciferous  sandstones ; 

Am.   Mwrchisonia,  Am.  corruffatuSy  Bel.  gigantetu,  Lucina 

Wrightiifkc 120 

385 

Great  Oolite  Group. — The  Inferior  Oolite  of  Skye  and 
Baasay  is  succeeded  by  a  considerable  thickness  of  estuarine 
strata,  which  occupy  the  position  of  the  Great  Oolite  and 
are  probably  not  less  than  500  feet  thick,  although  in  those 
islands  they  are  imperfectly  exposed;  southwards  in  the 
islands  of  Eigg  and  Muck  this  group  acquires  still  greater 
proportions,  and  are  exposed  in  clearer  sections. 

A.  The  lowest  beds  are  fine  conglomerates  and  shelly 
limestones  full  of  freshwater  shells,  but  containing  also 
remains  of  PlesiosauruSy  Turtles,  and  other  reptiles;  above 
these  are  black  shales  and  limestones  aboimding  in  Cy- 
prides,  fish  remains,  and  shells  of  Cyrena,  Cyclas,  and  Polit- 
dina.     Thickness  of  the  whole  group,  200  feet. 

B.  G-rey  and  white  sandstones,  sometimes  passing  into 
calcareous  grits,  with  large  concretionary  siliceous  masses : 
current-bedding  and  ripple-marked  surfaces  are  frequent, 
but  excepting  plant  remains  fossils  are  rare.  Thickness 
probably  more  than  500  feet. 

C.  The  highest  beds  are  black  shales  with  thin  bands  of 
argillaceous  limestone,  and  bands  of  fibrous  carbonate  of 
lime  ;  they  are  sometimes  crowded  with  Cyrena  and  Cyclas, 
and  in  other  places  with  Paludina,  Melania,  and  other 


1  a 


Quart.  Journ.  GeoL  Soc.,"  vol.  xxxir,  p.  719. 
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univalves.^  Beds  entirely  composed  of  oysters  (0.  hebridica) 
also  occur,  resembling  those  in  the  Purbeck  series  (see 
postea).     Thickness  150  feet. 

How  far  these  estuarine  strata  originally  extended  it  is 
impossible  to  say,  but  they  clearly  form  part  of  an  extensive 
and  important  formation,  comparable,  in  many  respects,  to 
the  W^den  series  of  the  Cretaceous  system. 


7.  East  of  Scotland. 

Beds  of  Middle  Jurassic  age  occupy  a  small  space  on  the 
coast  of  Sutherland  south  of  Brora,  and  form  two  small 
patches  at  Burgh  Head  and  Stotfield,  on  the  coast  of  Elgin. 
They  consist  entirely  of  estuarine  strata,  which  are  litho- 
logically  comparable  to  those  of  the  Great  Oolite  group  on 
the  western  coast.  The  descending  succession  near  Brora 
is  as  follows : — 

Feet. 

**  Boof  bed,*'  calcareous  sandstone  (Kellaway) 

Coal  composed  of  crashed  Equisetites 3j^ 

Black  shales,  with  thin  coal-seams  in  the  upper  part,  plants  and 
crushed  shells  of  UniOy  Ostrea,  Ci/rena,  &c.,  abound;  also 
teeth  and  scales  of  fish,  Lepidotus,  PhoUdophorus,  and 
Hybodua 26 

Black,  brown,  and  grey  clays,  with  layers  of  argillaceous  lime- 
stone ;  Cyrena  and  Ostrea 96 

White  sandstones,  with  some  beds  of  clay ;  in  this  a  few  obscure 

marine  shells  occur 110 

The  base  is  not  seen,  and  whether  any  beds  comparable  to 
the  Inferior  Oolite  of  the  west  coast  exist  below  is,  there- 
fore, imknown. 

At  Stotfield  there  are  soft,  greenish-white  sandstones 
containing  an  assemblage  of  fossils  which  might  be  either 
of  Great  or  Inferior  Oolite  age,  though  the  presence  of 
Ostrea  Sowerhyi,  Tancredia  axiniformisy  Astarte  rhomboi- 
dalis,  and  Pholadomya  ohlita  suggest  Great  Oolite  affinities. 

*  Described  by  Tate  in  Appendix  to  Dr.  Bryee's  paper  on  "  Skye 
and  Kaasay  "  in  **  Quart.  Journ.  Geol.  Soc.,"  toI.  xxix.  p.  317. 
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§  C.    TJPPEE    JlTBASSIC    SeBIES. 

Component  Strata  and  Geographical  Range. — 
The  Upper  Jurassic  series,  where  fully  developed,  as  in  the 
south  of  England,  consists  of  four  groups  of  marine 
strata,  two  great  argillaceous  formations  (the  Oxford  and 
Klmeridge  Clays),  each  surmoimted  by  a  group  of  lime- 
stones (the  Coral  Rag  and  the  Portland  Beds).  Above  the 
Portland  group  are  the  Purbeck  beds,  a  set  of  estuarine 
and  terrestrial  strata,  which  are  by  some  united  with  the 
Wealden  and  placed  in  the  Cretaceous  system.  The  Port- 
land and  Purbeck  beds  of  the  Midland  countie48  are,  how- 
ever, so  intimately  connected,  that  it  would  be  highly 
inconvenient  to  regard  the  Jurassic  system  as  terminating 
with  the  former  group,  for  many  of  the  Purbeck  species 
were  in  existence  before  the  Portland  forms  had  died  out. 

The  cliffs  of  the  south  coast  near  Weymouth  and  Port- 
land expose  good  sections  of  all  these  rocks,  but  their 
inland  outcrop  is  repeatedly  concealed  by  the  overstep  of 
the  Cretaceous  strata.  They  appear,  however,  for  a  space 
near  Grillingham  and  Tisbury,  in  the  vale  of  Wardour,  and 
again  near  Devizes.  Fi'om  Calne  and  Swindon  their  outcrop 
is  more  continuous  through  Oxford,  Berks,  and  Bucks,  but 
the  limestones  die  out  in  Bucks,  and  only  the  clays  remain 
through  Bedford,  Cambridge,  Himtingdon,  and  Lincoln. 
In  South  Yorkshire  they  are  entirely  concealed  by  the 
Cretaceous  overstep,  but  in  the  north  of  that  coimty  there 
is  a  fine  development  of  the  Oxfordian,  Corallian,  and 
Eimeridgian  groups. 

With  regard  to  the  eastward  extension  of  these  rocks 
beneath  the  newer  systems,  we  have  the  testimony  of  three 
important  borings.  The  Sub- Wealden  boring  near  Battle 
pierced  the  following  beds : — 

Feet. 

Lower  Purbeck  Beds  .  .        .180 

Portland  Sand 92 

Kimeridge  Clay 800 

Supra-coralline  Beds   ....     300 

A  recent  boring  at  Chatham  proved  Oxford  clay  beneath 
Cretaceous  rocks,  so  that  we  may  reasonably  conclude  that 
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this  also  comes  in  beneatli  the  Wealdeu  area.  At  Rich- 
mond, however,  the  whole  series  is  absent,  the  only  member 
of  the  Jurassic  system  there  found  being  the  Great  Oolite. 
Other  borings  in  Essex,  Suffolk,  and  Norfolk  demonstrate 
the  complete  absence  of  Jurassic  rocks  in  those  districts.  It 
is  probable,  however,  that  some  of  the  Upper  Jurassic  rocks 
originally  extended  over  the  whole  of  eastern  England,  and 
that  their  absence  is  due  to  their  destruction  in  early  Cre- 
taceous times. 

Beyond  Yorkshire  nothing  is  seen  of  the  Jurassic  rocks 
tni  we  reach  the  coast  of  Sutherland,  and  here  the  Upper 
series  is  fully  developed.  On  the  west  coast  of  Scotland 
only  the  upper  part  of  the  Oxford  clay  is  found,  covered 
directly  by  Cretaceous  beds. 


Life  of  the  Period. 

The  Upper  Jurassic  faima  is  merely  a  continuation  of 
that  which  preceded  it,  the  genera  being  the  same,  though 
the  species  are  for  the  most  part  different,  only  60  species 
passing  from  the  Combrash  into  the  Oxford  clay. 

The  most  impressive  feature  of  the  later  fauna  is  the 
abtindance  of  reptilian  remains.  The  Jurassic  period  has 
been  termed  the  "age  of  reptiles,"  and  these  creatures 
seemed  to  have  reached  the  climax  of  their  dominion 
towards  the  close  of  the  period.  Their  numbers  and  the 
variety  of  their  modifications  are  quite  extraordiuary.  Not 
only  did  they  swarm  in  the  seas  and  rivers,  but  they 
peopled  the  land  with  gigantic  herbivores,  and  filled  the 
air  with  wiuged  forms.  They  thus  adapted  themselves  for 
all  lands  of  food  and  all  conditions  of  life  with  an  elasticity 
of  organization  which  is  truly  remarkable,  and  to  which  no 
parallel  can  be  foimd  in  the  subsequent  history  of  the 
world,  unless  it  is  among  the  Australian  marsupials, 
though  no  member  of  that  order  possesses  powers  of  flight 
comparable  to  those  of  the  Pterodactyles. 

Of  Upper  Jurassic  Reptiles,  Plesiosaurus,  Pliosaurus, 
Ichthyosaurus,  with  the  Crocodiles  Teleosaurus,8teneosaums, 
Dakosaurus,  and  Ooniopholis  were  the  chief  aquatic  genera. 
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Ceteogaumt,  Qigantotaurus,  Igitanodon,  Megaloiourvs,  OmO' 
taurvs,  and  Crypiomunts  were  terrestrial  Dinosaurs,  and 
species  of  Plerodactylut  were  the  aerial  forms. 


Fig.  73.     A  Group  of  Jurassic  Fossils. 

1.  TrigoDwclaTellalB,  Coral  Rag  and  Kim,  Clay. 

2.  Trigonia  gibbosa  (cut),  Portlaad  Slone. 
3  and  9,  Cidvia  florigemma,  Coral  Rag. 

■I,  Trigonin  coslata.  Lower  Oolites,  Oxford  Clay,  aad  Coral  Rag. 

6.  Ory ph»a  incurva,  Lower  Lias. 

7.  Ammonites  bifrons  (joung),  Upper  Liai. 

The  following  are  the  species  of  marine  invertebrates 
which  are  characteristic  of  each  member  of  the  series : — 
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Fossils  of  the  Oxford  Clay. 


-  Waldheimia     impreasa,    Rhynchonella 


LametHbrtmckiata. — GiTphiea  dilatata,  Modiola  bipartita, 
MyaciteB  recurva. 


tig.  74.     Bntorsd  akeletoo  of  Fterodactjlni 


Chtteropoda. — Alaria  compomta,  Cerithium  DamoniH. 

Cephalopoda. — Ammonites  CalloTiensiB,  Am.  cordatos. 
Am.  ja«m.  Am.  escavatua.  Am.  Lamberti,  Belemnitea 
Owenii,  Bel.  hastatua,  Bel.  gracUia. 


Fossils  of  the  Corallian  Group. 

ActinoKM. — ThecoBmilia  amiularia,  Thamnaatrea  arach- 
noidee,  laaatrea  explomata,  I.  concimia. 
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EchiHodermata. — Cidaris  florigemma,  Acrosalenm  deco- 
rata,  HemicidariB  intermedm,  EchinobrissuH  scutatus. 
Braekiopoda. — BbjDchonella  Thurmanni. 


Fig.  rri.     Oxford  Clay  Foaaila, 
I.  Dplemiiiteg  puKwiuius  (1). 
•2.  Belemnoteattus  anliquus  (^). 

LaMellibranehiata. — Opis  corallina,  Gervillia  aviculoidsft 
Fholadomra  aequalis,  Trigonia  olavellata,  GoniomTa  li*^ 
rata. 


^ 
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tteropoda. — Gerithium  muricatum.Pliaai&nella  striata, 
initzia.  HeddingtonenBis,  Nerintea  Goodhallii. 
ohalopoda. —A^mouiUiB  perarmatuB,  Am.  vertebralis, 
amt«e  abbreviatus. 


Fig,  76.    Coral  Rag  Fostils. 

Tbeooomilia  annulom.  d.  Trigonia  clavellata. 

Acroaaknia  deoorata.  t.  Carithinin  maricatnm. 

Goniomja  l''°-«'°  ,  j.^'iiii,  /-  Ammoaitei  perarmatui. 

g.  B«1enin]l«a  abbroTiatna. 


Fossils  of  the  Kimeridge  Clay. 

achiopoda. — Bisdna  latiaaiina,  Lingula  ovalis,  Bh7n> 
)tla  inconstans. 

meUibrcvnehiata. — Ostrea  deltoidea,  Tfaracia  depresBO, 
rt«  HartwelleDBia,  Trigooia  monilifera,  Cardium  stria- 
1,  Exog^ra  Tirgula. 
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Qatteropoda. — Pleurotomaria  reticulata  (also  Oxlordian 
and  CoraUian),  Littorina  pulcherrima. 

Cephalopoda. — AmmoniteB  biplei,  Am.  mutabilie.  Am. 
rotuuduB,  Am.  decipiens,  Btilemnites  uitidus. 


Fig.  77.     Kimeridge  CI&7  Fonili. 
a.  RbynofaoMlU  inconslans.  d,  Thracis  depregsa. 

A.  Exogyn  virgnla.  ;.  Plsurotomuik  reticabU. 

e.  AsUuru  Hanwelleniii.  /.  DiMina  iRtiuimi. 

g,  AmmonitM  biplex. 


Fossils  of  the  Portland  Beds. 

Actinozoa.—laaatTe&  oblouga. 
Braehiopoda. — Waldheimia  bolonisnaia. 
LameUihranehiata. — Cardiimi  diaBimile,  Pecten  lamello- 
■ua,  Trigonia  gibbosa,  Lucina  Portlandica,  Oatrea  e 
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Qatteropoda. —CeTithium  Portlandicum,  Neiitoma  einu- 

oBa,  Natica  elegans,  Pleurotomaria.  rugata. 
Cephalopoda.—AmmoidteB  giganteuB,  Am.  pectinatua. 


Fig.  7S.     Fouila  of  the  Portland  Stone. 
a.  laastres  oblonga.  e.  IVigom'a  gibbon. 

*.  Pecten  luDellmua.  /.  Tri^nia  incnrva  (cmI). 

e.  Cardium  diuimile  (mat).  a.  Nalica  elegau. 

d,  Lucina  Portlandica.  M.  Cerilhium  PorllandiCDm. 


Fossils  of  the  Purbeck  Beds 

(A  terrestrial  and  freshwater  fauna). 

The  following;  Invertebrates  are  characteriBtic  ; — 
Gru»taeea. — Cypridea  tuberculata,  C.  faBcicularis,  C. punc- 
tata. ArchffiouiscuB  Edwardsii. 


Fig.  79.    Furbeck  Fonils. 
1,2.  Qoniopboliicrassideni,  scnlea,  and  (3)  tooth. 
4.  GvcM  reniluta,  ■  li»ing  Cjcad  {^,), 
i.  kuntellia  nidifonnu  (i\). 
6.  Muitellia  cylindrica  (j). 


CHAP.  IX.]  JURASSIC    SYSTEM.  343 

Lamelltbranchiata.—CjreJiSb  elongata,  Ostrea  distorta. 

Qaateropoda,  —  Physa  Bristovii,  Paludina  carinifera, 
Planorbis,  Valvata  helicoides,  Limneea  physoides. 

Bemains  of  Insects  are  also  abundant. 

Among  Vertebrate  remains  the  following  occur : — 

Fish, — Lepidotus  minor,  Hybodus  striatus,  Microdon 
radiatus,  Aspidorhyncus  Fisheri. 

Beptiles, — Goniopholis,  Theriosuchus,  Nannosuchus  (Cro- 
codiles), Chelone  and  Pleurostemon  (Turtles),  and  Dora- 
torliyncus  (a  Pterodactyle). 

Mammalia. — 12  genera  and  20  species  of  Marsupials,  of 
which  the  more  important  are  Plagiaulax,  Spalacotherium, 
Triconodon,  Stylodon,  and  Amblitherium. 

The  most  conspicuous  plant  is  the  Cycad  Mantellia  nidi- 
formis  (see  fig.  79),  the  squat  stems  of  which  occur  in  the 
Dirt  beds.     The  (^Jonifers  are  referred  to  Pinitee. 


Stratigraphy. 

In  the  case  of  the  Upper  Jurassic  rocks  we  need  not  divide 
their  range  through  England  into  more  than  three  sections 
or  districts  for  separate  consideration :  the  first  we  may  call 
the  Southern  district,  the  beds  exposed  in  all  the  southern 
counties  as  far  north  as  the  neighbourhood  of  Thame  and 
Aylesbury  belonging  to  one  lithological  type ;  the  second, 
or  Central  district,  includes  the  coimties  of  Bedford,  Hunt- 
ingdon, Cambridge,  and  Lincoln ;  the  third,  or  Northern 
district,  contains  the  Yorkshire  type. 


1.  SotUhem  District, 

Oxford  Clay. — This  clay  has  not  yet  been  studied  in 
detail,  for  few  good  exposures  occur  inland.  It  usually 
forms  a  wide  tract  of  low  groxuid  between  the  ridges  formed 
by  the  outcrops  of  the  Combrash  and  Corallian  Beds.  In 
Dorset  the  Oxford  clay  is  about  600  feet  thick,  and  it 
appears  to  maintain  this  thickness  into  Oxford  and  Bucks. 

In  Wilts  and  Berks,  there  is  a  brownish  calcareous  sand- 
stone at  the  base,  which  is  generally  full  of  fossils,  and  is 


344  NEOZOIC    BOCKB.  [PABT  Y. 

known  as  the  Kellawajs  Bock,  but  it  is  not  found  either  in 
Dorset  or  Oxford.  Its  peculiar  fossils  are  ChyphoBa  hUobatu, 
Am.  caUotneuMt  Am,  Kcenigi,  and  Am,  macroc^hcJ/us. 

The  mass  of  the  Oxford  clay  is  a  stiff  blue  day,  or 
"  clunch,"  with  layers  of  large  septarian  concretions  at  in- 
tervals ;  it  is  probably  capable  of  subdivision  into  zones, 
for  Professor  Prestwich  says  the  lower  part,  north  of  Ox- 
ford, contains  Amrnxmites  Duvicam,  the  upper  part  Am. 
vertebroMs,  while  between  the  two  there  is  day  with  Am. 
Jja/mherti. 

The  Corallian  Group  is  a  variable  set  of  beds,  sands 
and  clays  with  limestones  above ;  these  latter  being  hard 
form  a  ridge  or  escai'pment  overlooking  the  plain  of  the 
Oxford  clay.  The  group  is  usually  divisible  into  thi^e 
stages,  viz. : — 

3.  Upper  Calcareous  Grit. 

2.  Coral  Bag. 

1.  Lower  Calcareous  Grit. 


• 


The  two  lower  stages  are  everywhere  well  developed 
throughout  the  southern  district,  but  the  uppermost  is  of 
small  importance. 

Near  Weymouth,  in  Dorset,  the  succession  is  as  fol- 
lows : — 

Feet. 
8.  Ferruginom  sandstone    )    p^^^,^  u^.  -^ 

7.  Sandsfoot  clay  {    Passage  beds 60 

6.  Grey  marly  stone  (Up.  Calo.  grit) 5 

5.  Shelly  ragstones,  with  Drigonia  clavellata  (Trigonia  beds)        .  30 

4.  Osmington  beds,  oolitic  limestones  and  marls  ....  20 
3.  Bencliff  grits  "j 

2.  Nothe  clay      |-  Lower  Calc  grit 80 

1.  Nothe  grits    j 

The  Nothe  clays  and  grits  at  the  base  contain  a  mixture 
of  Oxfordian  and  Corallian  species,  Orffphcea  dUaiaia  and 
Amm^oniies  cordcUtis,  with  Ostrea  gregarea  and  7}rigonia  per- 
hUa.  The  Osmington  and  Trigonia  beds  represent  the 
Coral  Ba^,  but  do  not  contain  corals.  Nos.  7  and  8  are 
called  the  Supra-ooraUine  beds  by  Mr.  Hudleston,  and  are 
regarded  as  passage  beds. 

In  Wilts,  Berks,  and  Oxfordshire,  the  Lower  Calcareous 
Grit  consists  of  soft  yellow  sands,  with  irregular  layers  of 


CHAP.  IX.]  JURASSIC  SYSTEM.  345 

hard  calcareous  stone,  and  varies  from  20  to  80  feet  in 
thickness.  The  middle  beds  (Coral  Eag)  consist  of  shelly 
limestones,  oolites,  and  pisolites,  with  bands  containing  the 
characteristic  corals  and  Echinoderms.  At  Calne  this  divi- 
sion is  55  feet  thick,  only  10  feet  near  Faringdon,  thickens 
again  to  25  feet  at  Headington  and  Wheatlej,  and  then 
graduallj  dies  out.  Throughout  this  tract  the  Upper  Cal- 
careous Grit  consists  of  variegated  sands  with  seams  of  day ; 
it  is  seldom  more  than  five  feet  thick,  and  is  sometimes  en- 
tirely absent. 

At  Stanton  St.  John,  north-east  of  Wheatley,  the  beds 
seen  are: — 

Coral  Hag,  with  broken  fossils       .         .       3  feet, 
p  ,     j'  Yellowish  sandy  clay,  with  Ostrea 
^  .'  <  sandalina    .         .         .         .10 

(  Hard  grey  siliceous  limestone     .       6 


»» 


Eastward  the  lower  beds  alone  remain,  and  finally  pass  into 
a  blue  sandy  clay,  with  0.  sandalina^  which  has  been  traced 
as  far  as  Westcot  and  Quainton. 

Kimeridge  Clay. — Like  the  Oxford  clay,  this  forma- 
tion is  a  difficult  one  to  study,  on  accoxmt  of  the  few  inland 
exposures  ;  moreover,  it  varies  greatly  in  thickness,  and  dif- 
ferent localities  yield  different  assemblages  of  fossils.  It 
appears  to  attain  its  maximum  thickness  in  the  extreme 
south,  being  nearly  1,000  feet  in  Dorset,  according  to  Pro- 
fessor J.  F.  Blake,  though  other  authorities  make  it  only 
600  or  700,  while  in  Sussex  (Sub-Wealden  boring)  800  feet 
are  assigned  to  it  by  Mr.  Topley,*  exclusive  of  300  feet  of 
doubtful  Supra-coralline  or  passage  beds.  This  great  mass 
of  day  becomes  rapidly  thinner  as  it  passes  northwards : 
at  Swindon  it  is  only  500  feet,  and  in  Oxfordshire  is  believed 
to  be  little  more  than  100,  but  this  sudden  decrease  may  be 
partly  due  to  the  concealment  of  the  higher  beds  by  the 
overstepping  Cretaceous  sands  and  clays,  for  near  Hartwell 
and  Aylesbury  there  is  a  much  wider  outcrop  of  Eomeridge 
clay. 

According  to  Professor  J.  F.  Blake,  the  Dorsetshire  sec- 


»  Dixon's  "  Geology  of  Sussex,"  p.  1 52. 
*  "  Quart.  Journ.  Geol.  S(x;.,^  vol.  xxxi,  p. 


p.  196. 
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tion,  8.8  seen  in  Bingstead  and  Eimeridge  Bays,  is  divisible 
into  three  stages : — 

3.  The  Upper  Kimeridge  Clay. 
2.  The  Lower  E[imeridge  Clay. 
1.  The  Kimeridge  Passage  Beds  (Supra-coraUine). 

The  (Supra-coralline)  passage  beds  are  sandy  blue  clays, 
with  some  thin  bands  of  coarse  sand  ;  they  contain  Ostrea 
deltoidea,  Lima  pectiniformis,  Avicula  cedUignensis,  with 
corals  and  Cidaris  florigemma  in  the  sandy  beds,  which  re- 
peat Corallian  conditions.  At  Abbotsbury,  near  Wey- 
mouth, and  again  at  Westbury,  in  Wilts,  thick  beds  of 
oolitic  ironstone  occur,  and  belong  apparently  to  this  stage ; 
at  Abbotsbury  it  is  20  feet  thick,  and  contains  Bhyncho- 
nella  coraMina  and  Waldheimia  lampas. 

The  Lower  Kimeridge  clay  is  about  300  feet  thick ;  it  is 
characterized  by  the  presence  of  large  septaria,  and  by  the 
fossils  Am.  cymodocBt  Am.  Berryeri,  Am.  decipie^is,  Asiarie 
supracorallina.  Exogyra  virgula  and  BhynchoneUa  incon- 
stana  are  also  present.  ^ 

The  Upper  Eomeridge  is  650  feet  thick  at  Eomeridge ; 
it  is  mainly  composed  of  black  bituminous  shale,  and 
contains  Am.  hiplex,  Am.  Thurmanni,Lucina  minusculay  Car^ 
dium  etriatulum,  and  Discina  latissiTna.  It  is  apparently 
this  upper  part  of  the  formation  which  becomes  so  much 
thinner  in  the  Midland  counties ;  at  Swindon  and  Hart- 
well  there  are  bluish  sandy  clays  below  the  Portland  sand 
which  seem  to  represent  the  Upper  Kimeridge. 

Portland  Beds. — Like  the  Kimeridge  clay  these  beds 
are  thickest  near  the  coast,  and  thin  to  the  northward. 
They  are  usually  divided  into  two  stages:  1,  the  Portland 
sand ;  2,  the  Portland  stone.  The  former  passes  down  into 
the  £[imeridge  clay,  and  has  a  faxma  of  an  intermediate 
character.  The  Portland  stone  is  a  variable  set  of  lime- 
stones, sometimes  chalky,  sometimes  oolitic  or  shelly;  its 
usual  f  acies  is  purely  marine,  with  large  Amm/)nite8,  Pectens, 
and  Trigonice;  but  occasionally  beds  of  a  more  estuarine 
type,  with  CerUhium,  Neritoma,  and  Cyrena  rugoea. 

The  best  known  section  is  that  of  the  Portland  quarries, 
where  the.sucQession  is  as  follows : — 


■^ 
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10.  The  **  roach,"  an  oolitic  shell  limestone  .... 
9.  The  "  white  bed,"  a  whitish  brown  stone  .... 
8.  The  "  curf,"  an  oolite,  sometimes  replaced  by  rubbly  stone 

and  flint 

7.  The  "  base-bed,"  similar  to  the  rpach,  but  containing  bands 

of  flint 

6.  Limestone  with  TrigonuB,  varying  in  thickness,  and  resting 

on  an  eroded  surface,  sometimes  cutting  out  No.  5 
5.  Flint  and  limestone  rubble,  6  feet       .         .        .        .        . 
4.  Chalky  limestones,  with  frequent  layers  of  flint 

3.  Stiff  blue  marl 

2.  Sandy  marl,  with  bands  of  calcareous  stone,  and  a  bed  made 

up  of  ExogyrtB 

1.  Blue  sandy  clays seen  for 


Feet. 


18-27 


5-20 
40 
12 

43 
30 


About  165 

Nos.  1,  2,  and  3  are  the  Portland  sand,  which  at  St. 
Albans  Head  is  120  feet  thick ;  Nos.  4, 5,  and  6  are  known 
as  the  "  flinty  series ; "  Nos.  7  to  10  are  the  building  stones 
for  which  Portland  is  so  famous.  At  TJpway,  north  of 
Portland,  the  flinty  series  is  represented  by  massive  white 
chalky  limestones  with  large  nodules  of  flint. 

In  the  Vale  of  Wardour  the  Portland  stone  has  about 
the  same  thickness,  consisting  of  oolitic  limestones  with 
CerUhium  portlandicv/m  (18  feet),  white  chalk  and  chalky 
limestone  (34  feet),  with  sandy  calcareous  stone  at  the 
base  (20  feet)  ;  the  beds  below  this  belong  to  the  Portland 
sand,  but  are  only  from  30  to  40  feet  thick. 

The  great  quarries  at  Swindon  exhibit  a  remarkable  sec- 
tion,^ see  fig.  80,  the  Portland  beds  being  here  divided  into 
two  distinct  groups  by  a  well-marked  plane  of  erosion  ;  the 
beds  t  to  ^,  in  fig.  80,  contain  freshwater  fossils  resembling 
those  of  the  Purbeck  series,  and  have  at  their  base  stones 
derived  from  the  beds  d,  e,/;  these  d,  e,/,  are  limestones, 
and  c  is  a  bed  of  brownish  sand,  all  with  marine  Portland 
fossils  {Trigonia  gibhosa,  CerUhium  portlandicum,  Ac).  All 
these  beds  (c  to  t)  fill  a  wide  hollow  excavated  in  the  imder- 
lying  stratum  6,  which  is  a  grey  sand  including  large 
masses  of  calcareous  stone,  and  having  a  maximum  thick- 
ness of  27  feet.     Below  this  is  a  white  rubbly  limestone, 


^  Described  by  Professor  Blake  in  '*  Quart.  Joum.  Geol.  Soc.,"  toI. 
xxzvL  p.  203. 
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a  (seen  for  7  feet).  Professor  Blalce  regards  a  and  h  as 
equivalent  to  the  lower  part  of  the  "  flinty  series  "  of  Port- 
land, and  the  upper  beds,  both  marine  and  freshwater,  as 
representing  the  upper  part  of  the  same  series. 

Sections  outside  the  quarries  disclose  the  following  beds 
belonging  to  the  Portland  sand : — 


3.  Blue  clay,  with  fossils  .... 

2.  Sandy  glauconitic  clay 

1.  Grey  sands,  with  calcareous  "  doggers  " 


Feet 
20 
6 
50 


^ 

b   -ZL^       ' ~  _^     ^ 

•   ^   -    -J -     »    »        .       •   .  ^ 

•         ^  ~     .  -    - *  ••     .    •    •    »••%•    «    » 

«  ^T^^    •^^^-T~r~  t        I      ;    1     V      >       '     *   '-r    i       i  ^-   *-i  '  i  '  i 

Fig.  80.    IKagrammatic  View  of  the  S^  indon  Quarries  (after  'Profeeaor 

Blake). 

In  Bucks,  near  Hartwell  and  Aylesbury,  these  Portland 

sand-beds  seem  to  have  thinned  out,  and  the  Portland 

stone  is  represented  by  a  diversified  series  of  beds,  partly 

marine  and  partly  freshwater,  the  succession  of  which  may 

be  summarized  as  below : — 

Feet. 
6.  Thin  bedded  limestones  and  marls,  with  bands  of  calcareous 

shale  and  sand,  containing  Cy prides  and  freshwater  fossils      .  15 

4.  Hard  whitish  limestones,  with  marine  fossils    ....  6 

3.  Soft  buff  h>amy  sand 8 

2.  Hard  grev  limestone,  with  marine  fossils 5 

1.  Soft  sands,  with  calcareous  bands,  pebbles  of  lydianite,  and 

derived  phosphate  nodules 6 

No.  5  is  a  variable  group,  but  rests  evenly  on  No.  4,  the 
shales  at  its  base  sometimes  enclosing  a  thin  limestone, 
with  Portland  fossils. 

Purbeck  Beds. — The  typical  Purbeck  beds  are  only 
found  where  the  Portland  beds  are  completely  developed, 
as  in  Dorset  and  the  Vale  of  Wardour.    They  consist  of 


CHAP,  a.] 


JUBASaiC   STflTEX. 


34d 


limestones,  ehalea,  black  earthe,  and  marls,  in  thin  beds, 
which  exhibit  altematione  of  terrestrial,  freshwater,  bra«k- 
ish-water,  and  estuarine  conditions ;  the  changes  &om 
brackish  to  freshwater  deposits  being  generally  gradual, 
while  the  reverse  chaoges  are  abrupt,  indicating  sudden 
inroads  of  the  sea. 

In  Durlston  Bay,  near  Swam^e,  where  they  are  400  feet 
thick,  they  hare  been  divided  into  Lower,  Middle,  and 
Upper  stages  bj  Messrs.  Forbes  and  Bristow,  the  following 
bong  a  summary  of  the  beds  : — 

Feet. 

IQrey  ancl  pnrplfl  mark,  with  PiUudina,  not  wen  at 
Durlflton  Bay 20 
Shales,  with   bedi  of  Faladina  limestone  (Porbeck 
inarble),  Omrida  abunduit 4S 
Unio  beds  and  sbellj  limestones,  with  Paludma  IS 

Alnm-ahalee  and  thin  limestones,  with  lajera  of  gjp- 
snm,  Corbula,  Cyrena.  Cyrlat,  &o.         .         .  .       63 

Hard  sbeJlj  Jimestone^  wilh  partings  of  shale,  fossils 
of  marine  and  esluuine  species     .         .         .         .       !>0 
Cinder  bed,  a  mass  of  Oilrea  dielorla         ...        9 
Thin  limeslonei,  marls,  and  shales,  with  remains  of 
iiuncts,  fish,  snd  &eiihwater  shells;  at  the  base  is 
a  black  shale  with  mammaliaa  remains         .        ,      33 
Bine  and  gnj  shatj  marls,  plants,  and  insects  .  100 

Marly  limeslonra  and  shalei,  with  Cyyrida       .         ,       36 

Beds  of  bniken  slaty  limestone 10 

Brown  bituminous  limestones,  with  sbaly  partings, 
and  a  dirt  bed  resting  on  Portland  stone  .       19 


The  same  series  can  be  seen  in  Worbarrow  Bay,  Mewps 
Bay,  and  Lulworth  Cove,  but  become  thiimer  to  the  vest- 
wud,  250  feet  at  Mewps  Bay,  and  at  Bidgeway  HUl  only 
190  feet. 

The  Lower  Purbecks  are  characterized  by  Cypru  Pur- 
bedeeHMt,  the  Middle  by  C.  faedcuiata,  and  the  Upper  by 
C.  pvnetaia.  g 

The  lowermost  Ceds  are  well  exposed  in  the  quarries 
at  Portland,  and  the  succession  is  given  in  fig.  81.  The 
most  remarkable  bed  here  ia  the  upper  "  Dirt  bed,"  which 
is  a  dark  brown  loamy  earth,  an  actual  soil  or  terres- 
trial surface,  in  which  Cycada  and  Coniferous  trees  are  still 
rooted ;  its  tliickn»s  ia  not  more  than  a  foot,  being  r&tlvet 
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exaggerated  in  fig.  81.  An  account  of  this  ancient  sub- 
merged forest  was  given  in  vol.  i.  ("  Physical  G^eology")» 
p.  303. 

In  the  Vale  of  Wardonr  only  Lower  Purbeck  (50  feet) 
and  Middle  Purbeck  (20  feet)  are  found,  succeeded  b5 
Wealden  beds.     At  the  base  of  the  Purbeck  Beds  there  i* 
generally  a  thin  bed  of  dark  clay,  and  a  few  feet  abov* 
this  occurs  a  "  dirt-bed  "  containing  Cycads  and  Coniferoti^ 


8.  Sbaly  limestone. 


sa    7.  Claj  parting. 


6.  Shaly  limestone. 


6.  «*  Dirt    bed "  ^ith 
tree  stumps. 


4.  The  «  Cap "  lime- 
stone. 

3.  Dirt  bed. 
2.  Skull  cap. 

Thin  layer  of  day. 

1.  The  Roach  (Port- 
land). 


Fig.  81.    Purbeck  Beds  at  Portland.     Total  thickness  about  30  feet. 

wood.  The  oyster-bed  in  the  Middle  Purbeck  here  con- 
tains Trigonia  densinoda,  a  species  which  is  closely  allied 
to  the  Portland  Trigonice,  but  has  some  affinities  with 
Cretaceous  species.^ 

The  freshwater  beds  of  Bucks,  formerly  referred  to  the 
Purbeck  series,  are  probably  of  Portland  age  (see  p.  348). 

^  "Proc.  Geol.  Assoc.,"  voL  vii   p.  174,  and  "Quart  Jonm.  GeoL 
Soe.,"  vol.  xxxTii.  p.  246. 
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2.  Central  DiatricL 

In  this  part  of  England  a  broad  mass  of  clay  intervenes 
between  the  outcrop  of  the  Combrash  and  the  base  of  the 
Cretaceous  series.  In  Bucks,  Beds,  and  Huntingdon  the 
greater  part  of  this  is  referable  to  the  Oxford  clay,  but  in 
Cambridge  and  Lincoln  the  Kimeridge  clay  also  occupies  a 
considerable  area.  The  Corallian  is  either  entirely  absent 
or  feebly  developed. 

Oxford  Clay. — Little  is  known  regarding  this  day  in 
Bucks  or  Beds,  but  in  Huntingdon  l^fessor  Judd  ^  dis- 
tinguishes the  following  zonal  divisions : — 

6.  Clays  with  Ammonites  of  the  Cordaius  group. 
6.  „  „  Omaius  group. 

4.  „  Belemnites  hastattis. 

3.  „  „  Owenii. 

2.  Shales,  with  Nucula  nuda, 

1.  Sandy  clays  and  sands  with   Oryphcea  bU6b<Ua  = 
KeUaways  Beds. 

The  whole  is  probably  from  500  to  600  feet  thick,  and  in 
the  upper  part  of  Zone  6  there  are  several  beds  of  calcareous 
sandstone,  the  thickest  of  which  is  known  as  the  St.  Ives 
rock  ;  this  contains  Am.  cordaius  and  Am.  Bakerice^  while 
the  enclosing  clays  contain  Am.  Lamberti  and  Am.  Marias 
in  abundance. 

The  Oxford  clay  borders  and  underlies  the  western  part 
of  the  Fen  district,  emerging  on  the  north  side  of  the 
Witham,  near  Bardney,  and  passing  northward  to  the 
valley  of  the  Anchplme,  and  across  the  Humber  into  South 
Yorkshire. 

Corallian  Group. — ^This  division  is  believed  to  be  re- 
presented by  clays,  with  bands  of  limestone,  near  Ampthill, 
but  these  do  not  contain  a  Corallian  fauna,  only  a  mixture 
of  Oxford  and  Kimeridge  clay  species. 

Near  Elsworth  and  Papworth  (West  Cambridgeshire) 
there  are  two  bands  of  hard  ferruginous  limestone,  which 
are  believed  to  represent  the  Lower  and  Upper  Calcareous 
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Q-rits,  separated  by  clay,  without  any  trace  of  Coral  Rag. 
The  lower  or  Elsworth  rock  was  first  studied  by  Professor 
H.  G.  Seeley ;  it  contains  many  fossils,  among  which  are 
AmmonUea  Henrici,  A.  cordatvsj  A.  perarmatusj  Phasianella 
elegans,  and  Oryphcea  dilatata. 

At  Upware,  between  Cambridge  and  Ely,  there  is  an 
isolated  mass  of  xuidoubted  Coral  Kag,  which  seems  to  be 
part  of  a  true  coral-reef ;  one  pit  exposes  coral  limestone, 
with  Thamnastrea  arachnoides  and  laastrea  explanata, 
Cidaris  Jlorigemma,  Opts,  Plicatula,  JAthodomtts,  and  other 
inhabitajits  of  the  reef ;  while  another  pit  is  opened  in  soft 
yellowish  oolite,  without  corals,  but  containing  Echino^ 
hriasus  scutatua  and  Holectypvs  depressus. 

In  Lincolnshire  there  is  nothing  to  represent  the  Coral- 
lian  group,  the  Oxford  clay  merging  gradually  into  the 
Kimeridge,  without  even  anything  resembling  the  Supra- 
coraUine  beds,  these  being  only  developed  in  presence  of 
the  Coral  Eag. 

Kimeridge  Clay. — ^Between  Aylesbury  and  Leighton 
the  greater  part  of  this  clay  is  concealed  by  the  Gault,  and 
beyond  Leighton  by  the  Wobum  sands,  no  Kimeridge  being 
coloured  on  the  map  of  the  Geological  Survey  till  we  reach 
the  neighbourhood  of  Papworth,  where  it  comes  in  above 
the  Calcareous  Grits,  and  runs  in  a  narrow  belt  by  Enap- 
well,  Boxworth,  and  Cottenham  to  the  Fens.  It  is  seen 
again  in  the  Isle  of  Ely,  where  beds  with  Ammonites 
8erraiu8,  Exogyra  mrgula,  and  reptilian  bones  (Lower 
Kimeridge)  are  succeeded  by  shales  with  Discina  latissima 
and  Lucina  minuscttla  (Upper  Kimeridge),  though  only  a 
small  thickness  of  the  latter  is  exposed. 

In  Lincolnshire  both  the  lower  and  upper  stages  are  well 
developed,'  the  lower  being  some  400  feet  thick,  and  con- 
sisting of  clays  with  large  septaria,  containing  Am.  ser- 
rcUus,  Am,  decipiens,  &c.,  with  Aetarte  supracoraUina ;  the 
upper  beds  are  shales,  with  bands  of  lunestone  and  the 
usual  fossils,  perhaps  300  feet  thick.  The  whole  formation 
is  gradually  overstepped  by  Cretaceous  rocks,  and  dis- 
appears north  of  Brigg. 

Portland  Beds. — ^The  most  northern  outlier  of  these 

^  See  J.  F.  Blftke,  «  Quart.  Jonm.  Geol.  Soc.,"  toI.  zxxi.  p.  196 
II.  ▲  A 
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beds  is  at  Stewkley  Warren,  four  miles  west  of  Leighton 
Buzzard;  the  Portland  stone  capped  by  the  freshwater 
(?  Purbeck)  beds,  like  those  of  Hartwell,  being  here  exposed. 
Beyond  this  they  are  never  seen  again,  but  derived  fossils 
of  Portlandian  species  occur  frequently  in  the  Cretaceous 
nodule  beds,  and  consequently  it  seems  probable  that  the 
Portland  rocks  once  extended  much  farther  north. 


3.  Northern  District, 

In  the  north  of  Yorkshire  representatives  of  all  the  Upper 
Jurassic  groups  come  in  again,  with  the  exception  of  the 
Purbecks,  and  are  well  exposed  along  the  coast  near  Scar- 
borough. 

Oxford  Clay. — Succeeding  the  Combrash  are  10  or 
12  feet  of  shale,  with  Avicula  echinata,  which  are  grouped 
with  the  Combrash  by  Hudleston,  and  with  the  Kella- 
ways  by  Etheridge.  The  Kellaways  rock  as  seen  in  Qris- 
thorpe  Bay  is  only  5  feet  thick,  and  is  succeeded  by  the 
shales  of  the  Oxford  cl^y,  but  at  Scarborough,  five  miles  to 
the  north-west,  there  are  no  less  than  80  feet  of  sandstone 
below  this  clay.  It  seems,  however,  that  only  the  lower 
30  feet  of  this  belong  properly  to  the  Kellaways,  for  the 
higher  beds  contain  BelemnUes  Owenii,  Cfryphcea  dUatata, 
and  Ammonites  of  the  Omati  group,  which  characterize 
the  lower  part  of  the  Oxford  clay  elsewhere.  Above  this 
sandy  zone  are  grey  sandy  shales  from  120  to  160  feet 
thick,  containing  Am.  Lamhertij  Am.  cordcUus,  Am.  crenatus, 
and  other  fossUs.  Westward  both  shales  and  sands  de- 
crease in  thickness,  and  are  only  80  feet  thick  in  the 
Howardian  Hills. 

Corallian  Group. — This  attains  an  xmusual  thickness 
in  Yorkshire  and  occupies  a  large  area  of  ground  round  the 
Vale  of  Pickering.  It  has  been  specially  studied  by  Messrs. 
Blake  and  Hudleston,  from  whose  paper  *  the  following 
tabular  view  of  the  succession  near  Pickering  has  been 
prepared : — 


1  « 
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9S  feet. 
Middle 
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30  ftwt. 

^Tiiion, 
300fc«t. 


Coral  Ri^,  witb  Ant.  uarieMkUm*,  Cidaritfior^ea 

cidaru  inlermBlia. 
Coralline  oolite,  compact  uid  oolitiu  limestoneB,  with  Clten- 

tiitea  Heddingtimattit,  "Mgonia  Meriani,  uid  T.  perlata. 
Middle  C»lcareouB  Grit,  with  Atn,  plicatiiu. 
Snull-grained  oolitic  limeatoaei.  witb  Am,  perarmaiia  nnd 

Am.  cordaltu. 
CoKTH  grilty   and  cberty  limesEonea,  with  Am.  goliiUluu, 

WaMheimia  bvcuaiaUa,  and  RhynchonMa  Thrn'maani, 


Lower  Calcareooi  Grit,  ooDgiating  of  hard  grej  gritty  lime- 
stones and  soft  jeilowial^  tmlcueaiu  auid-rock.  Am, 
cordatut,  Oemilia  aviaiiioidei,  Ehytm,  TItmmaiun. 

The  total  thickness  here,  therefore,  is  285  feet,  with  20 
ieet  of  shales  aod  Grit  above,  which  have  usually  been 
«allod  Upper  Calcareous  Oiit,  but  which  are  classed  as 
Supra-coraUine  beds  bj  Hudlestou  and  Blake. 

On  the  coast  the  series  is  thinner,  not  more  than  200 
^eet  (Lower  Calcareous  Grit  80  feet,  greystones  and  lime- 
etones  80  feet,  middle  grits  and  upper  limestones  40  feet). 
Kimeridge  Clay.^ — This  occupies  the  low  ground  in 
■the  Vale  of  Pickering,  but  is  covered  by  drift  deposits,  and 
is  only  exposed  at  a  few  points  along  the  coast  of  FUey 
£ay.  The  Supra-coralline  beds  near  Pickering  are  20  feet 
thick,  consisting  of  earthy  limestones  and  shaleB  (13  feet) 
with  reddish  calcareous  grit  above  (7  feet)  ;  the  fossils  are 
,Atn,  alternang.  Am.  varieogtatui,  BelemniUt  nitidtit,  Thracia 
depresia,  and  others.  The  mass  of  dark  Eimeridge  clay  to 
the  eastward  is  supposed  to  be  more  than  500  feet  thick. 
Professor  Judd '  distinguishes  three  divisions;  a  lower  with 
Am.  aiternam  and  Rhyne,  incoiutane,  a  middle  with  Exogyra 
rirgvla,  and  an  upper  set  of  black  bituminous  shales  with 
JHecina  laUttima  and  Lingula.  ovaiU. 

Portland  Beds. — At  the  top  of  the  Kimeridge  clay 
Kt  Speeton  there  are  certain  dark  clays  with  stony  bands 
containing  Atn.  gigas.  Am,.  Qravenanva,  Am,  rotundut,  and 
hueina  Portlandica,  overlain  by  peaty  clay  with  fish  re- 
mains. "  These  are  regarded  by  Professor  Judd  as  Port- 
Undian.  They  are  succeeded  bj  a  bed  of  phosphatic  nodules, 
in  which  the  same  fossils  occur  as  wat«r-worn  pebbles,  and 
which  forms  the  base  of  the  overlying  Neocomian  clays, 

'  "  Quart.  Jonm,  Geol,  Soc.,"  vol.  iiir.  p.  288. 
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4.  Scotland. 

West  Coast. — The  only  member  of  the  Upper  Jurassic 
series  which  is  found  on  the  west  coast  of  Scotland  is  the 
Oxford  clay.  This  overlies  the  great  estuarine  series  in  the 
islands  of  Skye  and  Eigg,  and  consist  of  blue  clays  contain- 
ing Ammonitee  cordaiuSf  Am.  excavatua.  Am.  Lamhertij  and 
others.     Above  it  are  Cretaceous  rocks. 

East  Coast. — In  Sutherland  a  much  more  complete 

series  is  found  ;  they  are  seen  at  intervals  along  the  coast 

for  a  distance  of  sixteen  miles,  and  form  a  narrow  strip  of 

low  ground,  which  is  bounded  inland  by  a  powerful  fault, 

and  the  extreme  width  of  which  near  Brora  is  about  two 

miles. ^     In  this  small  space  is  found  a  succession  of  beds 

representing  the  whole  of  the  Oxford  clay,  Coral  Rag,  and 

pjul;  of  the  Kimeridge  clay,  as  below : — 

Feet 

1  Light-coloured  sandstone,  no  fossils   ....     100 
Shelly  limestones,  black  shales,  and  grits,  with  Bel. 
abbreviatua,  Am.  altemans,  Am.  HpleXy  and  manj^ 
others ;  Ferns,  Cycads,  and  Conifers  .        .         .     500 
White  sandstones  and  carbonaceous  shales ;  estuarine 
beds,  with  few  fossils 200 
Grits  and  sandstones ;  Am,  biplex,  Am.  eudaxus,  Am, 
mutabilis,  and  Bel.  obeliscus        .                 .        .  ?  200 
f  Grey  limestones  and  sandy  clays  in  two  bands,  sepa- 
rated by  60  feet  of  white  sandstone ;  Am.  cordcUus, 
Am.  excavatus,   Trigonia  corallina,   and    other 

Coral  Rag  species ?  150 

White  sandstones,  with  bands  of  lienite,  and  ooca- 
sional  layers  containing  casts  of  marine  shells ; 

estuarine  beds 400 

White  cherty  sandstone,  with  many  fossils,  Am,perar' 
\         matus.  Am.  achUleSy  &c.  (Lower  Calc.  grit)  .      26 

"  Sandy  clays  and  black  shales,  with  Bel.  (hmiii,  Bel. 

Juuiatus,  Am.  amatus,  Am.  Duncani,  &c.,  &c  300 

Oxford       Sandy  shales,  with  Nucula  nuda.  Am.  Gowerianusy 

Clay.     '  and  Am.  OaUoviensU 6 

Calcareous  sandstone  with  many  fossils,  fauna  of  Kel- 
,         laways  rock 5 

It  will  be  useful  to  indicate  here  the  conditions  under 
which  these  three  groups  were  deposited. 


Corallian.  < 


^  J.  W.  Judd,  "  Quart.  Joum.  GeoL  See.,"  toL  jidz,  p.  164  et  seq. 
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1.  Orford  day — entirely  marine. 

2.  Corallian — chiefly  estuarine. 
S,  Kimeridge  clay — ^partly  estuarine,  partly  marine,  but 

close  proximity  to  land. 

IPurther  north,  near  the  Ord  of  Caithness,  thick  beds  of 

bxrseoda  alternate  with  the  shales  of  the  Kimeridge  clay, 

ax:i.<l  testify  to  the  frequency  of  floods  and  the  torrential 

acrt^ion  of  the  streams  which  emptied  themselves  into  the 

(see  p.  365). 


Physical  Geoobaphy  and  Foemation  of 

the  eocks. 

1.  Lower  Jurassic  Time. — The  physical  geography  of 

tVie  BhsBtic  and  Liassic  epochs  was  a  simple  and  direct 

iQ^odification  of  that  which  prevailed  during  the  preceding 

Classic  period.     No  local  elevations  and  subsidences  took 

place  in  the  British  area,  for  the  Bhsetic  and  Liassic  beds 

occupy  the  same  basins  of  deposit  as  those  which  hold  the 

Seuper  marls  ;  the  great  lakes  or  inland  seas  in  which  the 

latter  were  acciimulated  became  by  submergence  the  seas 

^d  bays  in  which  the  shales  and  limestones  of  the  Lias 

Were  laid  down. 

This  submergence  set  in  doubtless  toward  the  end  of  the 
Triassic  period,  and  affected  the  whole  of  the  Triassic  north- 
European  continent ;  the  epoch  of  the  Avicula  contorta 
zone  marks  the  time  when  the  depression  had  proceeded  so 
far  as  to  submerge  the  lowest  tract  of  land  which  lay 
between  the  great  salt  lakes  and  the  wide- spreading  southern 
ocean.  It  is  very  probable  that  at  this  time  the  level  of 
the  water  in  the  salt  lakes  had  been  greatly  reduced  by 
evaporation,  and  was  perhaps  several  hundred  feet  below 
that  of  the  sea  outside,  and  that  when  the  dividing  barrier 
was  submerged,  the  sea  waters  would  rapidly  invade  the 
lake  basins  and  fill  them  up  to  a  common  level. 

Let  us  consider  the  nearly  parallel  case  of  the  Caspian 
Sea  at  the  present  day ;  the  level  of  this  sea  is  85  feet 
below  that  of  the  Black  Sea,  and  it  is  surrounded  by  exten- 
sive low-lying  areas  which  were  formerly  covered  by  its 
waters  before  the  sea  shrank  to  its  present  dimensions  ;  if 
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tlieref ore  the  waters  of  the  Black  Sea  were  admitted  to  the 
Caspian  through  the  depression  of  the  present  barriers, 
they  would  quickly  spread  over  a  large  area  in  Central  Asia 
which  is  now  for  the  most  part  a  dry  and  sandy  desert.  I 
do  not  mean  to  infer  that  anything  like  a  cataclysmal  in- 
flux of  water  would  take  place;  the  first  inroad  would 
doubtless  occur  during  the  prevalence  of  a  strong  west 
wind,>  and  would  be  only  a  temporary  invasion,  but  as 
submergence  went  on,  sudi  invasions  would  be  cf  frequent 
occurrence,  till  at  length  a  permanent  connection  was 
established. 

Two  important  results  would  follow  from  such  a  change : 

(1)  large  ntmibers  of  the  creatures  living  in  the  Caspian 
would  be  immediately  killed  unless  they  could  support  the 
changed  conditions  of  water  and  food ;  if  destroyed,  their 
remains  would  doubtless  be  laid  out,  and  stratified,  as  it 
were,  on  the  bottom  of  the  sea,  thus  forming  hone-heda, 

(2)  the  climate  and  appearance  of  the  surroimding  country 
would  be  gradually  altered ;  evaporation  from  the  newly- 
created  sea  would  give  rise  to  the  formation  of  clouds ;  these 
would  fall  again  as  rain  on  the  neighbouring  hills ;  rills  and 
rivers  would  come  into  existence,  and  the  ordinary  processes 
would  be  set  in  action ;  the  country  would  be  irrigated  and 
fertilized,  and  the  products  of  erosion  would  be  washed 
into  the  widening  sea.  A  scene  of  death  and  decay,  desert 
wastes  and  slowly  shrinking  lakes  wotdd  be  converted  into 
a  sea  full  of  active  creatures,  bordered  by  a  region  where 
the  plash  of  waters  and  the  hum  of  insects  were  unceasing 
soimds. 

Such  must  have  been  the  change  which  ensued  when  the 
Bheetic  waters  filled  the  basins  of  the  Triassic  lakes.  The 
bone-beds  testify  to  the  suddenness  of  the  invasion  and  the 
inability  of  the  Triassic  fish  and  reptiles  to  survive  the  change. 
The  absence  of  Cephalopoda  from  the  Bheetic  beds  shows  that 
at  first  the  waters  were  shallow,  these  creatures  requiring 
the  vicinity  of  an  open  sea  and  deep  water ;  their  presence, 
therefore,  in  the  very  lowest  beds  of  the  lias  indicates  that 
these  conditions  were  rapidly  attained.  The  plants  and 
insects  f oimd  both  in  Eheetic  and  lias  testify  to  the  altera- 

^  If  there  were  tides  in  the  Black  Sea,  it  would  occur  when  there  was 
an  unusually  high  tiae. 
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tion  of  the  climate,  the  humidity  of  the  air,  and  the  general 
fertility  of  the  surrounding  region;  while  the  enormous 
abundance  of  fossils  in  the  Lias  proves  that  life  had  multi- 
plied exceedingly,  and  that  the  Liassic  sea  must  have  pre- 
sented a  great  contrast  to  the  heavy  and  nearly  lifeless 
waters  of  the  Triassic  lakes. 

The  geography  of  the  British  area,  so  far  as  concerned 
the  relative  positions  of  land  and  water,  was  similar  to  that 
of  the  Triassic  period.  Sea  covered  all  the  central  and 
southern  part  of  England ;  but  there  was  a  larger  area  of 
land  to  the  east  of  our  islands,  and  a  portion  of  this  extended 
into  the  east  of  England,^  though  the  trend  of  its  coast  is 
quite  uncertain.  About  the  land  on  the  west  we  have 
more  information;  it  was  probably  continuous  from  the 
north  of  Trance  through  Cornwall,  Devon,  Wales,  and 
Ireland ;  the  sites  of  the  Euglish,  Bristol,  and  Irish 
Channels  seem  to  have  been  bays  or  gidf s  running  up  into 
this  land;  and  these  channels  then  narrowed  westward, 
opening  into  an  eastern,  and  not  a  western  sea  as  they  do 
now ;  as  to  the  Irish  Channel  we  have  no  certain  informa- 
tion, but  if  a  gulf  then  existed  on  its  site  it  doubtless  opened 
northward  and  narrowed  southward. 

The  Mendip  Hills  formed  an  island  at  the  mouth  of  the 
gulf  that  separated  Devon  and  Wales,  and  the  northern 
shore  of  this  guK  ran  through  Glamorgan,  Monmouth,  and 
Gloucester,  to  the  Malvern  Hills  ;  thence  the  coast  trended 
north-westward  along  a  line  which  lay  to  the  west  of  the 
present  boimdary  of  the  Trias;  from  Denbigh  it  passed 
across  the  Irish  Sea  into  the  north-east  of  Ireland,  and 
thence  northward  to  the  west  coast  of  Scotland. 

Nearly  the  whole  of  Scotland  and  the  north-west  of  Eng- 
land seems  to  have  been  land  which  projected  southward  in 
a  long  promontory  as  far  as  Derbyshire,  thus  dividing  the 
sea-space  into  two  large  irregular  gulfs,  one  stretching 
across  the  Irish  Sea  and  along  the  western  coast  of  Scotland 
as  i^  as  Skye  and  Raasey,  the  other  spreading  round  the 
eastern  side  of  Scotland,  and  only  touching  modem  Scottish 
soil  again  in  Elgin  and  Sutherland.  How  far  this  eastern  sea 
extended  northward  beyond  the  latitude  of  our  islands  we 

*  This  is  proved  b^  the  absence  of  the  Lias  under  the  London  Basin, 
where  the  Great  Oohte  is  the  only  representative  of  the  Jurassic  system. 
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have  no  means  of  knowing,  but  it  probably  occupied  a  lai^ 
part  of  what  is  now  the  North  Sea,  and  was  bounded  by  a 
southerly  projection  of  the  Scandinavian  peninsula. 

The  deposition  of  so  great  a  thickness  of  dark-colouied 
clay  and  shale  in  Liassic  times  calls  for  explanation,  and  it 
may  be  fairly  assumed  that  this  material  was  mainly  sup- 
plied by  the  destruction  of  the  Carboniferous  shales.  Large 
tracts  of  coal-measures  and  of  Lower  Carboniferous  shales 
must  have  existed  at  this  time  both  in  Lreland  and  Scot- 
land, and  the  rivers  flowing  off  these  tracts  would  pour 
little  else  than  black  mud  into  the  surrounding  sea,  while 
the  waves  would  eat  deep  into  such  portions  as  came  within 
their  reach  during  the  gradual  submergence. 

2.  Middle  Jurassic  Time. — The  physical  geography 
of  the  British  Islands  during  this  part  of  the  Jurassic  period 
does  not  seem  to  have  differed  much  from  that  which  pre- 
vailed during  Liassic  times.     The  same  general  arrange- 
ment of  sea  and  land  which  has  just  b^n  described,  con- 
tinued during  the  formation  of  the  Oolit«Bt  though  certain 
important  changes  and  modifications  of  th^toast-line  seem 
to  have  taken  place,  otherwise  it  would  be  difficult  to  ex- 
plain the  complete  change  in  the  character  olthe  sediment 
laid  down — the  change  from  the  dark  shalesif  the  Lias  to 
the  sands,  marls,  and  oolitic  limestones  of  t^  newer  series. 
At  first  sight  nothing  seems  easier  to  explfi  than  such  a 
change ;  a  clay  succeeded  by  a  limestone  setis  to  point  to 
a  general  depression,  whereby  the  extent  f  the  sea  was 
enlarged,  and  its  depth  increased ;  but  itk  an  error  to 
suppose  that  all  limestones  are  deep-water>rmations  (see 
Physical  Geology,  Part  I.,  ch.  xii.),  and  Oftic  limestones 
in  particular  are  generally  of  shallow-watei>rigiii.    Again, 
if  the  Coal-measures  were,  as  above  suggted,  the  source 
of  the  mud  composing  the  Lias,  the  supy^  of  this  might 
be  cut  off  by  elevation  as  completely  a^  submergence. 
Finally,  in  the  Midland  coimties  of  ^land  we  have 
distinct  evidence  of  the  close  proximity  ofiiid  throughout 
the  Middle  Jurassic  period. 

We  have  seen  that  in  passing  eastwar<rom  the  Cottes- 
wolds  the  Liferior  Oolite  rapidly  thins  oiand  is  partially 
represented  by  estuarine  beds  in  Qp^— ^^N'orthampton ; 
marine  limestones  come  in  aga^         ^%  both  to  the 
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north-east  in  Rutland,  and  to  the  north-west  in  North  Ox- 
fordshire. These  facts  point  to  the  existence  of  land  in  the 
east  of  England,  which,  however,  was  partially  submerged 
during  the  epoch  of  the  Great  Oolite,  for  beds  of  that  age 
occur  beneath  London.  Again,  in  Yorkshire  and  on  both 
sides  of  Scotland  we  find  freshwater  and  estuarine  conditions 
prevailing  more  or  less  throughout  the  whole  of  the  Inferior 
and  Q-reat  Oolite  epochs.  All  the  evidence,  therefore,  tends 
to  the  conclusion  that  the  change  from  Lias  to  Oolites  was 
caused  by  upheaval,  and  that  the  latter  were  deposited  in 
a  shallower  sea  than  the  former. 

We  are  then  justified  in  picturing  that  portion  of  the 
Middle  Jurassic  sea  which  lay  over  the  Midland  counties  of 
England  as  a  comparatively  narrow  belt,  less  than  100  miles 
wide,  and  bounded  on  the  one  hand  by  the  mountainous 
region  of  Wales  and  on  the  other  by  the  land  of  PalsBozoic 
rocks  which  now  lies  below  the  eastern  counties.  Southward 
this  belt  probably  opened  into  a  wider  sea,  through  which 
came  currents  of  warm  water  from  equatorial  regions,  im- 
parting a  high  temperature  to  the  British  shores,  and 
enabling  reef -building  corals  to  flourish  where  other  con- 
ditions were  favourable  to  their  existence.  Northward  the 
sea  probably  divided  into  two  arms  as  in  Liassic  times,  one 
passing  up  the  west  coast,  and  the  other « outside  the  east 
coast  of  Scotland. 

Li  this  sea  flourished  an  immense  number  of  marine 
creatures,  the  number  of  species  foimd  in  Britain  alone 
being  over  1,700 ;  coral-reefs  were  formed  from  time  to  time, 
and  their  debris  afforded  the  material  for  the  oolitic  lime- 
stones which  now  furnish  such  valuable  building  stones. 
On  the  surrounding  land  grew  magnificent  Ferns  and 
Cycads,  with  Coniferous  trees  on  the  higher  ground ;  but 
80*  far  as  we  know  the  only  vertebrate  denizens  of  the  region 
were  small  Marsupials,  huge  Dinosaurian  Beptiles,  and  the 
bat-like  Pterodactyles. 

The  coimtry  which  now  exhibits  the  nearest  approach  to 
such  a  scene  as  Britain  must  then  have  displayed  is 
Australia  and  its  neighbouring  islands.  There  many  of 
the  Jurassic  types  still  survive.  The  indigenous  Mammalia 
are  all  Marsupials ;  the  plants  include  Ferns,  Cycads,  and 
Araucarian  pines.     Coral-reefs  fringe  the  shore,  and  in  the 
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waters  are  Cestraeiont  Fish,  and  many  of  the  same  Mollus- 
can  genera  as  are  foimd  in  the  Oolites,  viz.,  PhasianeUa, 
Stomatia,  Trigonia,  Corbie,  and  Terebrattda,  with  others 
that  have  a  wider  distribution.  There  are,  however,  no 
survivors  of  the  Jurassic  Beptiles,  nor  of  the  Ammonites  and 
Belemnites  which  swarmed  in  the  older  seas. 

The  varying  characters  of  the  Middle  Jurassic  strata 
testify  that  the  period  was  one  of  many  phases ;  there  is, 
indeed,  as  pointed  out  by  Professor  Phillips,^  a  striking 
paraUelism  in  the  order  which  the  arenaceous,  calcareous, 
and  argillaceous  deposits  of  this  series  exhibit  in  the 
southern  coimties ;  thus  the  beds  may  be  arranged  in 
ternary  groups  as  below : — 

Calcareous.  Cornbrash  and  Forest  Marble. 

Argillaceous.  Bradford  Clay. 

Calcareous.  Great  Oolite. 

Arenaceous.  Stonesfield  Slate. 

Argillaceous.  Fuller's  Earth. 

Calcareous.  Inferior  Oolite. 

Arenaceous.  Midford  Sands. 

The  arenaceous  beds,  then,  may  be  regarded  as  indicating 
epochs  of  elevation,  during  which  the  shallower  parts  of  the 
sea  were  silted  up  with  littoral  and  estuarine  deposits.  The 
calcareous  beds  prove  temporary  depression  and  recession 
of  the  coast-lines,  but  not  necessarily  a  deep  sea,  only  dear 
water,  and  conditions  favourable  to  the  growth  of  coral- 
reefs.  The  argillaceous  marls  may  have  been  formed  in 
rather  deeper  water  than  the  limestones,  or  they  may  only 
indicate  the  influx  of  mud-bearing  currents  which  prevented 
the  growth  of  coral-reefs. 

The  various  surfaces  of  erosion  which  have  been  observed 
(vide  pp^  327  and  329)  prove  that  the  sea-bottom  was  often 
brought  within  the  influence  of  powerful  currents,  that  the 
limestones  of  the  Inferior  Oolite  had  originally  a  far  wider 
and  more  continuous  extension  than  they  have  now,  but 
that  large  portions  of  them  were  broken  up  and  destroyed 
by  contemporaneous  erosion.    It  follows,  therefore,  that  the 


1  <( 


Geobgy  of  Oxford,"  p.  S93. 


L 


CHAP.  IX.]  JURASSIC   SYSTEM.  863 

strata  we  are  acquamted  with  are  by  no  means  all  that 
were  formed  over  the  British  area  during  this  period  of  time ; 
nevertheless,  as  the  gaps  in  one  district  seem  to  be  partially 
filled  up  by  deposits  in  another,  we  obtain  a  fairly  complete 
record  of  the  succession  of  life-forms  in  the  British 
province. 

3.  Upper  Jurassic  Time. — From  the  stratigraphical 
facts  recorded  in  the  foregoing  pages  we  may  draw  two  con- 
clusions with  regard  to  the  physical  conditions  imder  which 
the  Upper  Jurassic  rocks  were  deposited.  The  first  infe- 
rence is  that  the  sea  of  the  Oxford  and  Kimeridge  clays 
was  much  deeper  and  more  extensive  than  the  reef-blocked 
seas  of  the  Middle  Jurassic  times.  Secondly,  we  infer  that 
this  sea  again  became  shallower,  partly  by  deposition,  and 
partly  by  upheaval,  during  the  Portland  and  Purbeck 
times,  till  eventually  the  greater  portion  of  it  was  raised  into 
dry  land. 

If  further  testimony  to  the  shallowness  of  the  Great 
Oolite  waters  were  needed,  the  scarcity  of  Ammonites  in  the 
rocks  of  that  group  would  supply  it,  only  three  species  being 
known  to  occur  in  the  Forest  l^^ble  and  Combrash.  The 
sandy  nature  of  the  Kellaways  rock  precludes  us  from 
supposing  it  to  have  been  a  deep-water  deposit,  but  its 
fauna  indicates  that  deep  water  was  not  far  off,  for  in  these 
beds  a  large  ntmiber  of  new  Ammonites  suddenly  make 
their  appearance,  and  most  of  them  continue  in  the  Oxford 
clay.  The  change  from  Combrash  to  Kellaways  Rock  is  par- 
ticularly striking  in  Yprkshire,  where  the  latter  contains 
no  fewer  than  forty-one  species  of  Ammonites,  and  only  one 
is  common  to  the  two  deposits ;  twenty  of  these  species  pass 
up  into  the  Oxford  clay.  Mr.  Hudleston,  who  has  made 
such  a  careful  study  of  the  Yorkshire  Oolites,  remarks :  * — 
"  Probably  this  great  sandbank  was  deposited  during  a 
submergence  of  this  region  far  more  continuous  in  time  and 
extended  in  space  than  those  more  partial  depressions  which 
during  the  period  of  the  Lower  Oolites  (Middle  Jurassic) 
had  in  this  region  intercalated  the  spoils  of  the  sea  with 
those  of  the  estuary  and  the  marsh.  This  more  continuous 
descent  seems  at  length  to  have   removed   or   lowered 
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barriers  which  had  hitherto  kept  out  the  waters  of  a  sea 
swarming  with  strange  Cephalopoda." 

One  of  these  barriers  was  undoubtedly  that  ridge  or  pro- 
montory which  stretched  from  Belgitim  into  the  eastern 
part  of  the  British  area  throughout  the  Liassic  and  Middle 
Jurassic  periods.  The  southern  part  of  this  ridge  began  to 
be  submerged  during  the  formation  of  the  Q-reat  Oolite 
which  rests  on  the  Trias  beneath  London,  and  though  the 
Oxford  clay  is  not  there  found,  it  occurs  below  Chatham, 
and  its  absence  further  north  is  doubtless  due  to  the  great 
denudation  which  took  place  in  Cretaceous  times  (see 
fig.  91,  p.  379,  and  fig.  53,  p.  276). 

We  may  therefore  assume  that  this  promontory  was 
completely  submerged  during  the  formation  of  the  Oxford 
clay,  and  that  by  the  close  of  this  epoch  a  continuous 
deposit  of  the  clay  was  spread  over  the  whole  of  the  eastern 
and  midland  portion  of  the  British  area,  and  that  even  the 
Scottish  coast-lines  were  carried  back  so  far  that  the  same 
day  was  spread  over  areas  where  only  estuarine  deposits 
had  previously  been  laid  down  (see  pp.  333  and  356).  In 
this  great  deposit  of  dark  blue  clay  we  seem  to  have  a 
repetition  of  Liassic  conditions,  and  it  is  highly  probable 
that  the  source  of  supply  was  the  same — namely,  the  Coal- 
measures  which  once  covered  so  large  a  portion  of  Wales, 
L^land,  and  North  Britain. 

After  a  time  the  distribution  of  the  dark  mud  became 
less  imiversal,  and  in  places  where  the  water  was  shallower, 
and  from  which  -the  muddy  currents  were  excluded,  a  few 
coral-reefs  were  formed,  with  their  accompaniments  of 
calcareous  sands,  marls,  and  limestones  (Corallian  beds) ; 
a  further  submergence,  however,  overwhelmed  these  spaces, 
and  spread  out  another  great  and  continuous  deposit  of 
mud  (the  Kimeridge  clay),  which  was  doubtless  as  far- 
reaching  as  that  of  the  Oxford  clay. 

Eventually,  however,  a  reverse  movement  set  in,  the 
supply  of  mud  grew  scantier,  and  the  bluish  argillaceous 
sands  which  imderlie  the  Portland  stone  were  doubtless 
formed  during  upheaval ;  the  sea  became  clearer  and  shal- 
lower, and  the  formation  of  limestone  was  once  more 
possible.  Finally,  a  large  part  of  the  sea-bottom  was  raised 
into  dry  land,  the  sea  was  contracted  into  far  narrower 
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limits,  and  over  southern  England  was  reduced  to  an 
estuarine  lagoon,  in  which  the  Purbeck  beds  were  accumu- 
lated. 

It  is  important  to  remember  that  this  elevation  must 
have  again  upraised  the  ridge  of  Palaeozoic  rocks  which 
imderlies  the  east  of  England,  and  it  was  doubtless  the 
connection  of  this  ridge  with  the  southern  end  of  the  Pen- 
nine chain  which  caused  the  limitation  of  the  Purbeck  beds 
to  the  Purbeck-Wealden  basin.  With  this  in  view  there  is 
nothing  to  surprise  us  in  the  occurrence  of  an  estuarine  (or 
Purbeck)  episode  in  Upper  Portland  times  on  the  southern 
side  of  this  ridge  in  Bucks  and  Oxford. 

Lastly,  let  us  glance  for  a  moment  at  the  north-eastern 
shore  of  Scotland,  which  was  indented  then  as  now  by  the 
deep  bay  of  the  Moray  Firth,  though  its  southern  shore 
stretched  much  further  eastward.  Here,  as  we  have  seen 
(p.  357),  deposition  was  in  progress  throughout  the  Upper 
Jurassic  times,  but  the  frequent  recurrence  of  estuarine 
beds  shows  that  parts  of  the  bay  were  silted  up  from  time 
to  time  by  the  immense  quantity  of  saiid  which  was  poured 
into  it  by  the  rivers  from  the  neighbouring  hills. 

The  brecdated  beds  in  the  Kuneridge  clay  of  the  Ord 
also  tell  a  story  which  is  thus  deciphered  by  Professor 
Judd,' — "  The  alternation  of  the  brecciated  beds  with  the 
finely  laminated  and  quietly  deposited  strata  and  the  con- 
fused arrangement  of  the  blocks  in  the  former^  their  admix- 
ture with  trunks  of  trees,  stems  of  cycads,  and  other  plant 
remains,  seem  to  indicate  that  the  quiet  deposition  of  the 
semi-estuarine  beds  was  interrupted  by  the  occasional 
occurrence,  in  the  rivers  just  alluded  to,  of  floods  of  the 
most  violent  character.  These  appear  to  have  swept  angu- 
lar masses,  just  seiparated  from  their  parent  rock  by  frosts 
or  landslips,  subangular  masses  which  had  lain  for  a  time 
in  the  course  of  the  streams,  and  the  roimded  pebbles  of 
the  river-beds,  along  with  trunks  of  trees  torn  from  their 
banks,  all  in  wild  confusion  out  to  sea,  where  they  were 
mingled  with  the  sea-derived  materials  of  the  shell-banks 
and  shoals." 

^  ''  Quart.  Joorn.  Geol.  Soc.,*'  vol.  zxix.  p.  195. 


CHAPTER  X. 


THE   CBETACEOUS   SYSTEM. 


EXCEPT  in  the  south  of  England  there  is  everywhere  a 
marked  break  and  unconf ormitj  between  the  Jurassic 
and  Cretaceous  systems,  but  where  the  highest  Jurassic 
beds  are  fully  developed,  as  in  Dorsetshire,  '^ere  we  find  a 
complete  sequence  of  deposits  through  the  freshwater  Pur- 
beck  and  Wealden  groups,  which  fills  up  the  gap  that  else- 
where exists  between  the  two  systems.  It  is  clear,  there- 
fore, that  this  gap  was  caused  by  the  elevation  of  the 
British  area  into  dry  land,  the  southern  part  of  which  was 
traversed  by  a  great  river.  The  Wealden  beds  are  usually 
taken  as  the  ba^  of  the  Cretaceous  system,  but  some  dassi- 
ficators  protest  against  the  separation  of  the  Purbeck  and 
Wealden,  and  would  either  group  them  together  as  a  tran- 
sition series  or  place  them  both  in  the  Cretaceous  system. 
I  prefer,  however,  to  adopt  the  usual  grouping  for  reasons 
already  given. 

The  system  is  divisible  into  two  great  series,  a  lower  and 
an  upper,  and  the  following  table  shows  the  subdivisions 
which  have  been  adopted  for  the  rocks  of  the  southern 
coiuities ;  this  nomenclature,  however,  is  not  applicable  to 
the  lower  series  in  Lincolnshire  and  Yorkshire. 

Max.  thickness. 
Foet. 

(Upper  Chalk  (Senonian)    .  .        600 

Middle  Chalk  (Turonian)  .  .        250 

Lower  Chalk  (Cenomanian)        .  200 

Upper  Greensand  and  Oault  250 

Lower      {^^^X  Greensand  (Vectian)        .         .        800 

Cretau>eou8.™d^^}  Wealden  .        .     2.000 


4,100 
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As,  however,  a  large  part  of  our  Lower  Cretaceous  is  of 
freshwater  origin,  and  the  siimmit  of  the  Chalk  is  nowhere 
visible,  it  is  desirable  to  furnish  the  student  with  a  table 
of  the  Continental  equivalents  which  supply  us  with  a  com- 
plete succession  of  marine  Cretaceous  rocks ;  these  are  as 
follows,  with  their  maximum  thicknesses : — 

Feet 
100 
600 
600 
.  300 
300 


Upper. 


'Danien,  or  Maestricht  Chalk 
Senonien  .... 
Turonien  .      •  . 
Cenomanien 
l^Albien 
Aptien 
Ehodanien 

Urgonien 1,000 

Neocomien 3,000 

The  Aptien  and  Ehodanien  represent  our  Lower  Green- 
sandf  the  Urgonien  and  Neocomien  are  the  marine  equiva- 
lents of  the  Wealden. 


Lower.  - 


} 


600 


Bange  and  Eelation  to  Eocks  below. 

Cretaceous  rocks  underlie  the  whole  of  the  south-eastern 
part  of  England ;  their  main  outcrops  form  a  broad  tract 
which  runs  across  the  coimtry  from  Dorsetshire  to  the  west 
of  Norfolk,  and  if  the  south-easterly  dip  was  maintained 
without  interruption  they  would  pass  beneath  the  Tertiary 
deposits  which  succeed  the  Chalk ;  but  this  dip  is  inter- 
rupted by  several  large  cross-flexures,  the  axes  of  which 
ran  in  an  east  and  west  direction,  and  by  these  flexures  the 
Cretaceous  rocks  are  brought  to  the  surface  over  a  large 
area  in  the  south  of  Englajid,  while  the  Tertiary  rocks  are 
thrown  off  into  two  synclinal  troughs  or  basins. 

There  are  three  principal  antidinal  axes:  one  running 
through  Dorset  and  the  Isle  of  Wight  >  a  second  running 
through  the  Vale  of  Wardour,  Winchester,  and  the  north  of 
Sussex  (see  flg.  82) ;  a  third  running  through  the  Yale  of 
Pewsey  and  Kingsclere.  It  is  by  the  second  of  these  flexures 
that  the  Lower  Cretaceous  rocks  have  been  brought  up  in 


368  NEOZOIC   BOCKS.  [PABT  Y. 

the  WeaJden  area  of  Kent  and  Sussex,  the  structure  of 
which  is  illustrated  on  pp.  378  and  379. 

North  of  the  Thames  Valley  there  are  no  such  distur- 
bances; the  easterly  dip  is  uninterrupted  and  the  great 
escarpment  of  the  Chalk  is  continuous  through  the  counties 
of  Oxford,  Bucks,  Beds,  Herts,  Cambridge,  and  Norfolk, 
till  it  sinks  beneath  the  waters  of  the  Wash.  In  Norfolk 
the  strike  is  nearly  due  north  and  south,  but  this  is  changed 
beneath  the  Wash,  and  the  rocks  emerge  in  Lincolnshire 
with  a  strike  to  N.N.W.,  crossing  the  Humber  west  of  Hull, 
and  forming  the  districts  known  as  the  Lincolnshire  and 
Yorkshire  Wolds. 

Li  Ireland  Upper  Cretaceous  rocks  crop  out  in  many 
places  beneath  the  Basalt  plateau  of  Antrim  and  London- 
derry, the  whole  of  which  they  doubtless  underlie. 

Upper  Cretaceous  rocks  are  also  foimd  in  the  west  of 
Scotland,  but  though  the  exposures  are  very  interesting  in 
themselves,  the  areas  occupied  by  them  are  very  small. 

The  relation  of  the  Cretaceous  rocks  to  the  underlying 
strata  is  an  important  subject  of  consideration.  It  has 
been  stated  that  where  the  Wealden  beds  are  present 
they  rest  with  perfect  conformity  on  the  Purbeck  below, 
but  in  the  west  of  Dorset  the  upper  members  of  the 
Cretaceous  system  rapidly  overlap  the  lower,  and  at  the 
same  time  overstep  the  members  of  the  Jturassic  series 
below,  till  at  length  the  Upper  Greensand  comes  to  rest 
upon  the  Lias,  and  outliers  of  it  occur  even  on  the  Trias  of 
Devonshire. 

A  similar  overlap  and  overstep  takes  place  in  the  Mid- 
land counties,  the  Lower  Cretaceous  Beds  being  overlapped 
by  the  Gault,  which  passes  across  the  edges  of  the  Purbeck 
and  Portland  beds  till,  in  Bucks,  it  rests  upon  the  Kime- 
ridge  clay.  These  facts  demonstrate  that  the  sea  of  the 
Upper  Cretaceous  period  had  a  far  wider  extension  than 
that  of  the  Lower  Cretaceous.  As  this  sea  encroached  upon 
the  land  which  lay  to  the  north  of  the  Wealden  area  in 
Lower  Cretaceous  times,  it  planed  off  a  considerable  thick- 
ness of  strata,  and  the  surface  upon  which  the  Upper 
Cretaceous  rocks  now  rest  in  the  east  of  England  is  a  plane 
of  marine  erosion  (see  fig.  53).  Borings  at  Richmond  and 
at  Meuz'g  Brewery  in  Tottenham  Court  Boad  pass  from 
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Glault  into  Great  Oolite,  with  a  doubtful  representative  of 
the  Lower  Greensand  in  the  former  case ;  a  boring  at 
Kentish  Town  passed  from  Gault  into  red  sandstones  sup- 
posed to  be  Trias,  while  borings  in  Essex  came  down  upon 
PalsBozoic  rocks  of  Silurian  and  Devonian  age.  The  follow- 
ing are  abstracts  of  some  of  these  borings : — 


Richmond. 

Menx's 
Brewery. 

Kentish 
Town. 

Cheshnnt. 

Ware. 

Gravel  and  Drift . 

11 

23 

^.^ 

20 

14 

Eoreae 

Chalk 

342 

136i 
655| 

324* 
645 

50 
780 

601? 

Upper  Greeosand 

16 

38 

13o| 

30 

30 

Oaalt 

301i 

160 

161 

161 

Lower  Greensand  P 

10 

— 

' 

,»_ 

Great  Oolite 

87* 

64 

— 



, 

Triaa? 

170 

— 

186* 

1 

.^^ 

Devonian     .... 

— 

80 

— 

30 

1^— 

Silurian        .... 

— 

— 

— 

43 

1     1409 

1146 

1302 

1011 

830 

Life  op  the  Pebiod. 

The  Cretaceous  forms  of  life,  especially  those  of  the 
marine  Neocomian  and  Lower  Greensand,  are  clearly  the 
modified  successors  of  the  Jurassic  species ;  and  the  general 
asx)ect  of  the  Cretaceous  fauna  resembles  that  of  the  preced- 
ing Jurassic,  more  than  it  does  that  of  the  succeeding  Eocene 
or  Hantonian  system.  Throughout  the  Lower  Cretaceous 
(marine)  series  we  find  many  genera  which  were  abundant 
in  Jurassic  times  still  represented,  such  as  Astarte,  Cu- 
cuUcea,  Trigonia,  Corhis,  OervUlia,  Myadtes,  Pema;  with 
the  Echinoderms  Echinobrissua,  Holectypus,  and  Pygurus, 
AmmanUea  and  Belemnites  were  as  abundant  in  Cretaceous 
as  they  were  in  Jurassic  times ;  the  great  Jurassic  reptiles 
Ichthyosaurus^  Plesiosaurus,  Ceteosav/rus,  and  Megalosaurus 
are  by  no  means  tmcommon  in  Cretaceous  rocks. 

Ihmng  Upper  Cretaceous  time,  however,  great  changes 
took  pla^ ;  the  whole  British  area  became  part  of  a  deep 
sea,  and  the  shallow-water,  littoral,  and  terrestrial  types 
which  flourished  in  the  earlier  portion  of  the  period  were 
forced  to  migrate  to  other  shores,  and  the  more  inflexible 
types,  which  could  not  change  with  the  changing  conditions, 

n.  B  B 
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died  out  altogether  and  became  extinct.  There  can  be 
little  doubt  that  it  was  the  constantly  increasing  extent 
and  depth  of  the  Cretaceous  sea  or  ocean  which  caused  the 
extinction  of  so  many  Mesozoic  forms  in  the  European 
area. 

The  following  are  the  principal  genera  which  came  into 
existence  during  the  Cretaceous  period : — 

Spongida.  —Brachiolites,  Cephalites,  Siphonia,  Ventricu- 
lites, Pharetrospongia,  Plocoscyphia,  Stauronema. 

Actinozoa. — CaryophyUia,  Cyathina,  Holocystis,  Micra- 
bacia,  Parasmilia,  Smilotrochus. 

Ecihinodermaia, — Ananchytes  (Echinocorys),  Cardiaster, 
Cyphosoma,  Discoidea,  Galerites  (Echinoconus),  Hemiaster, 
Hemipneustes  (Toxaster),  Holaster,  Micraster,  Salenia, 
Peltastes,  Marsupites. 

Crustacea, — Enoploclytia,  Hoploparia,  Meyeria,  Necro- 
carcinus,  PalsBocorystes. 

Brachiopoda. — Magas,  Terebrerostra,  Trigonosemus. 

LamellUyrancMata, — Caprina,  Caprotina,  Diceras,  Hippu- 
rites,  Badiolites  (all  belonging  to  one  abnormal  family). 

Gusteropoda. — Aporrhais  (Omithopus,  Dimorphosoma), 
AveUana  (Cinulia),  Crepidula,  Kostellaria? 

Cephalopoda. — Baculites,  Hamites,  Crioceras,  Scaphites, 
Turrilites,  Belemnitella. 

Pisces. — Lamna,  Otodus,  Notidanus,  Edaphodon,  Beiyx, 
Ptychodus,  Saurocephalus,  Microdon. 

BeptUia. — Acanthopholis,  Iguanodon,  Polyptychodon, 
Mosasaurus. 

Stratigraphy. 

§  A.  Lower  Cretaceous  Series. 

The  English  strata  belonging  to  this  series  come  to  the 
surface  in  four  different  areas  or  districts,  and  may,  there- 
fore, be  described  conveniently  in  four  sections,  though 
doubtless  these  areas  are  all  connected  beneath  the  overlying 
rocks  to  the  eastward.  These  are  (1)  the  Wealden  or 
South-eastern ;  (2)  the  South-western,  including  the  Isle  of 
Wight ;  (8)  the  Midland ;  (4)  the  Northern.  In  the  first 
two  there  is  a  complete  succession  of  beds,  but  the  greater 
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part  of  them  are  of  freshwater  origin,  only  the  upper 
portion  being  marine ;  in  the  Midland  area  only  a  part  of 
these  upper  marine  beds  are  found ;  in  Yorkshire  we  have 
a  more  perfect  series  of  marine  deposits,  but  they  do  not 
attain  any  great  thickness,  and  were  formed  in  a  sea  which 
had  little  or  no  connection  with  that  of  the  southern  areas. 
This  northern  district  will  not,  therefore,  serve  as  a  type  to 
which  such  marine  beds  as  occur  in  the  south  could  be 
referred  ;  for  the  true  equivalents  of  the  latter  we  must  go 
to  Prance,  and  some  account  of  the  French  deposits  will  be 
given  later  on.  The  characteristic  fossils  of  the  two  French 
divisions,  which  do  not  occur  in  England,  are  given  below, 
but  for  the  upper  members  of  the  series  British  species 
are  given,  though  many  of  these  also  occur  in  the  corre- 
sponding French  strata  (Bhodanien  and  Aptien). 


Fossils  of  the  Neocomien. 

Echinodermata, — Toxaster  complanatus,  Pygunis  ros- 
tratus,  Echinobrissus  OKersi,  Pseudodiadema  rotulare. 

Brachiopoda. — Terebratula  diphyoides,  Bhynchonella 
multiformis. 

Lamelltbranchiata, — Ostrea  Couloni,  Cardium  peregri- 
num,  Diceras  G^rmaini. 

Gasteropoda. — Tornatella  albensis,  Natica  Hugardiana, 
Nerin^ea  Marcousana. 

Cephalopoda. — ^Belemnites  lateralis,  Ammonites  Astieria- 
nus,  Am.  neocomiensis,  Am.  radiatus,  Am.  Bouyanus. 


Fossils  of  the  Urgonien. 

Echinodermata. — Heteraster  Couloni,  Pygurus  productus, 
Hemicidaris  climifera. 

Brachiopoda. — Ehynchonella  lata. 

LamdlAranchiata. — Eequienia  ammonia,  Pecten  robinal- 
dinus,  Janira  atava. 

Ckuteropoda. — Nerinaea  Eenauxiana,  Trochus  crucianus. 

Cephalopoda. — ^Ammonites  Perezianus,  Ancyloceras  En- 
uerici. 


Fig.  84.    I^wer  GrMnsand  FoMill 

1.  Corbis  coiTUgata.  5.  An«  Ualini. 

2.  TiigooiB  Mutiftta.  6.  PernaMulleti. 

3.  GerrilU*  anceps.  7.  Vfnu  p«r«a. 

4.  Tenos  itriBto-eoiUtB. 


rs 


Fig.  65.    Lower  Gre 

1,  2.  Thelis  minor,  7.  Nuticft  rolundaU. 

3.  Exogyra  Binuuta.  S.  Omithopus  Filloni  (young). 

4.  Tomntella  albentia.  9.  Aporrhaia  robiDaldina. 

5.  Terebratuia  eella.  10.  Cerilhium  tumciilBtum. 
G.  LedK  scaphit.  II.  Ancylocerai  gigas. 


caudata,  T.  diedalea,  Corbis  corr 
Gasteropoda.  —  Tomatella    all 

Aporrbais  robinaldiua,  Omithopi 
Cephalopoda. — Ammonites  fun 


Fossils  of  the  Hythe  Beds,  C 


Fig  S7      We^dpn  Fowils 
],  3,  3.   [Jnio  taldensis 
4.  Spbenoptens  Mantelli 
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Fossils  of  the  Shanklin  Sands,  Sandgate,  and 
Folkestone  Beds. 

Echinodermata. — Pel  tastes  Wrightii. 

Brachiopoda. — Terebra,tula  depresaa,  T.  moutoaian&, 
Waldheimia  tamarindua,  Terebrafella  Menardi,  T.  Fittoni, 
BbTQchoaella  antidichotoma. 

LoMellibranchiata. — OHtrea  macroptera,  Pecten  aptiensiB, 
Venus  parva,  Plicatiila  cartoroniaoa,  Thetis  Sowerbji 
(minor). 

Qatteropoda. — Aporrhais  vectiaua. 

Cqthalopoda. — None  common. 


Fig.  88.     Upper  knd  loiver  T«eth  of  Iguuiodon  U&ntelli. 
1  uid  3.  Outer  aspect.  S  and  i.  Iniker  aspect. 


In  the  Wealden  we  have  an  estuarine  and  freshwater 
fauna  of  Lower  Cretaceous  age,  and  the  species  which  occur 
most  frequently  are  the  following : — 

Plantce. — Abietites  Dunkeri,  Endogenites  erosa,  Sphenop- 
teris  MantelU,  Lonchopt«ris  Mantelli. 

Cnutaeea. — Cypridea  valdeuais,  C.  spinigera,  Cythere 
Fittoni,  Eetheria  membranacea. 


CHAP.  X.]  CEETACE0U8    SYSTEM.  377 

Crosteropoda. — Paludina  fluviorum,  P.  sussexensis. 

Lamellibranchiata. — Cyrena  media,  C.  parva,  Unio  val- 
densis. 

Fish. — Lepidotiis  Mantelli. 

Battles. — Iguanodon  Mantelli,  Ceteosaurus  brevis,  Hy- 
Is&osaurus  Owenii,  Streptospondylus  major,  Chelone  Man- 
telli. 

Mwmmah. — None  yet  known,  though  it  is  certain  that 
the  descendants  of  the  Purbeck  Marsupials  must  have  in- 
habited the  country  drained  by  the  great  river. 


1.  The  Wealden  District, 

This  district  forms  an  oval-shaped  area  occupying  por- 
tions of  Kent,  Surrey,  Hants,  and  Sussex ;  on  the  north- 
west and  south  it  is  bounded  by  the  escarpment  of  the 
chalk,  but  eastward  it  opens  on  to  the  English  Channel  be- 
tween Eastbourne  and  Folkestone.  The  structure  of  this 
area  is  generally  described  as  that  of  an  anticlinal  ridge, 
but  in  reality  it  more  resembles  that  of  an  oval  dome  or 
inverted  boat.  The  district  known  as  the  Bas  Boulonnais 
in  France  is  the  eastern  prolongation  and  termination  of 
the  Wealden  area,  and  the  English  and  French  districts  are 
undoubtedly  continuous  beneath  the  waves  of  the  English 
Channel;  before  that  channel  was  made  they  doubtless 
formed  one  continuous  tract  of  land,  just  as  they  originally 
formed  one  area  of  deposition  at  the  time  when  the  Weal- 
den beds  were  being  accumulated. 

A  section  across  the  Weald  from  north  to  south,  and 
regarding  only  the  Cretaceous  rocks,  will  appear  as  in  fig. 
89,  which  is  taken  along  a  line  drawn  from  Beachy  Head 
to  Chatham.  A  section  from  west  to  east  would  show 
a  similar  arrangement,  but  the  actual  length  of  coimtry 
traversed  would  be  four  times  that  traversed  in  fig.  89. 
Fig.  91  is  a  section  along  the  same  line  as  fig.  89,  but 
drawn  to  a  much  lower  base-level,  and  showing  not  only 
the  lie  of  the  Cretaceous  rocks,  but  that  of  the  underlying 
Jurassic  beds,  and  the  probable  position  of  the  Palseozoic 
rocks  under  Chatham  and  the  North  Downs.  The  northerly 
thinning  of  the  Lower  Cretaceous  strata  has  been  proved 
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by  a  recent  boring  at  Chatham,^  and  this  part  of  the  sec- 
tion is  reduced  from  that  drawn  by  Mr.  Whitaker. 

The  lower  members  of  the  Lower  Cretaceous  series  in 
this  area  are  of  freshwater  origin,  and  are  known  as  the 
Wealden  beds,  because  they  occupy  the  larger  portion  of 
the  district.  The  upper  members  are  marine,  and  consti- 
tute  what  is  known  in  England  as  the  Lower  Greensand. 


Max.  thickness. 

(Folkestone  beds      .         .         .  160 

Sandgate  beds        ...  80 
Hythebeds     .        .         .         .200 

Atherfield  clay        ...  60 

I  Weald  clay     ....  1,000 
<  Hastings  sand,  in  three  divi- 

(      sions 1,000 


(marine). 

Wealden  Beds 
(freshwater). 


Purbeck  beds  below 


400 


Hastings  Sand. — The  three  lower  members  of  the 
Wealden  group,  being  chiefly  composed  of  sands,  are 
usually  classed  together  as  the  Hastings  sand. 

The  Ashdown  sand  consists  of  soft  buff  or  white  sand 
and  sandstone,  which  are  400  feet  thick  in  Ashdown  Forest, 
and  form  the  high  ground  of  Crowborough  Beacon  (800 
feet  high).  Near  Hastings  and  Fairlight  the  lower  part  of 
this  sand  is  replaced  by  clays  with  interbedded  sandstones 
(360  feet  thick),  which  are  surmounted  by  15i)  feet  of  sand 
and  sandstone.     A  few  plant-remains  are  the  only  fossils. 

The  Wadhurst  clay,  though  never  more  than  160  feet 
thick,  is  paleeontologically  important,  as  it  is  rich  in  fossils, 
and  contains  a  bone-bed  near  Battle,  from  which  many 
reptilian  bones  and  teeth  have  been  obtained.  It  consists 
of  clays  and  shales,  with  bands  of  argillaceous  ironstone 
near  the  base,  and  irregular  layers  of  hard  calcareous  sand- 
stone (Tilgate  stone).  The  fossils  are  Pahdma  fluviorumj 
Cyreim  media,  Lepidotus  ManteUiy  Hyhodta  dubius,  Qonio- 
pholis  crassidens,  Iguanodon,  and  Megalosavrus. 

The  Tunbridge  Wells  sands  are  litholo^cally  similar  to 
the  Ashdown  sands.     Near  Hastings  they  tre  only  150  feet. 

Described  by  Mr.  Whitaker,  *'  Quart.  Journ.  Veol.  Soc.,"  toI.  xlii. 
p.26. 
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but  the  thickness  increases  steaxiily  toward  the  west,  a  set 
of  mottled  clays  and  shales  coming  in  at  the  same  time  in 
the  middle  of  the  sands,  and  becoming  of  sufficient  impor- 
tance to  deserve  a  separate  name,  the  Grinstead  clay ;  this 
westerly  thickening  of  the  Tunbridge  sands  is  shown  in  the 
following  table : — 

Cuckfield.      ^lorosT"      Heathfield.     Fairlight. 

Upper  sands      .       200  160  130  100 

Grinstead  clay  .        80  60  20  10 

Lower  sands      .       100  60  80  60 


380  260  230  160 

At  the  top  of  the  upper  sands  in  the  Cuckfield  district, 
which  is  often  called  the  Tilgate  Forest,  there  are  large  con- 
cretionary masses  of  calcareous  grit  or  sandstone,  such  as 
were  termed  Tilgate  stone  by  Dr.  Mantell.  It  was  in  these 
masses  that  the  remains  of  Iguanodon  and  Hykeosaurus 
were  first  discovered  by  Dr.  Mantell,  and  the  specimens 
which  he  figured  and  described '  are  now  in  the  South  Ken- 
sington Museum. 

Associated  with  the  stone  are  thin  layers  of  coarse  con- 
glomeratic grit,  consisting  of  small  pebbles,  with  broken 
bones,  teeth,  Ac.,  cemented  together  by  calcareous  matter ; 
in  it  the  small  round  palatal  teeth  of  Lepidottis  are  not 
uncommon. 

The  Weald  Clay. — The  upper  member  of  the  Wealden 
group  consists  mainly  of  brown  and  blue  clays,  with  layers 
of  shelly  limestone  and  occasional  beds  of  sand  and  cal- 
careous sandstone.  The  limestones  are  known  as  Sussex 
marbles,  and  are  composed  almost  entirely  of  Faludina 
shells ;  those  in  the  lower  part  of  the  clay  consisting  chiefly  of 
P.  stLssexenaU,  while  the  most  constant  band  (the  Petworth 
and  Bithersden  marbles)  consists  of  P.  fluviorum.  The 
minute  freshwater  Crustaceans  (Cypridea)  are  also  very 
abundant  in  some  places,  the  surfaces  of  the  more  shaly 
beds  being  crowded  with  them  (see  fig.  92).  Unios  and 
Cyrence  also  occur. 

'"  FossiU  of  the  South  Downs,"  "Medals  of  Creation,''  toI.  ii.,  and 
**  FoMils  of  the  British  Maseum,"  p.  203. 
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The  Weald  claj,  like  the  upper  part  of  the  Hastings 
sand,  is  thickest  in  the  vestem  and  thinnest  in  the  eaateni 
part  of  the  district.  Below  Leith  Hill,  west  of  Horsham, 
Its  thickness  is  estunated  hj  Mr.  Topley '  at  900  to  1,000 
feet ;  about  Tunbridge  it  is  600  feet,  and  near  Hythe  it  maj 
not  be  more  than  350  feet. 


Fig.  9S.    Purbeck  uid  Wadden  Cjpridta. 


1.  Cypridea  valdeotk. 
a.  Cyihare  Filtoni. 
3.  Cj^des  tnbere 


Jata. 


J  dxy  encloeing  Cypridcs. 


The  uppermost  beds  at  Haslemere,  immediately  below 
the  Athraield  claj  with  Panopcea,  contain  shells  of  Corbtiia 
and  Mytilus,  together  with  Cyretia  and  ifeianopm,  and 
indicate  a  clunge  from  freshwater  to  estuariue  conditions. 

Lower  Greensand. — The  beds  between  the  Weald 
clay  and  the  Oault  clay  (base  of  Upper  Cretaceous)  b^ng 

'  "  Geology  of  the  WmU,  Msm.  G«ol.  Stwtay,"  p.  96. 
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chiefly  of  a  sandy  oature,  and  often  coloured  green  by 
glaucoiiite,  they  came  to  be  known  aa  the  Lower  Oreenaand, 
the  Bimilar  aajids  aboye  the  Gault  being  at  the  same  time 
called  Upper  Greenaand.'  The  lithological  characters  of 
the  beda  composing  the  Lower  Oreensand  in  the  Wealden 
district  are  very  variable,  but  four  BubdiriBions  are  rew^- 
nized  by  the  Geolo^cal  Survey  (see  ante,  &g.  90). 

Tks  Atherfietd  Clay  ia  first  seen  in  Kent  opposite  Shom- 
cliffe  Battery,  but  is  only  exposed  at  the  lowest  tides ; 
thence  it  rises  westward,  running  at  first  along  the  line  of 
inland  cliff  to  Aldington  Enowl,  and  traceable  thence  all 
round  the  area  occupied  by  the  Weald  clay.  It  can  be  seen 
in  the  railway  cuttings  at  Sevenoaks  and  Bed  Hill, 
Panoptea  plunita,  Exogyra  ginvata,  Pema  Mulleti,  and  Tri- 
gonia  dadaha  being  common  fossils ;  along  this  line  it 
varies  in  thickness  from  50  to  30  feet.  At  Haalemere 
it  is  €0  feet,  and  its  juncture  with  the  Wealden  was  ob- 
served by  Mr.  Salter,  who  says  "  the  change  from  dark 
greyiah-blue  clay  (Wealden)  to  the  purely  marine  deposit 
of  brown  clay  was  marked  no  less  by  the  fossils  thaii  by 
the  change  in  the  colour  of  the  bed."  '  He  found  Panop€ea 
plieata  abundant  within  a  few  inches  of  the  Wealden  day, 
and  the  shells  of  that  bivalve  were  embedded  in  the  vertical 
position  which  such  molluscs  occupy  when  alive.  This 
shows  how  quiet  and  gentle  was  the  change  from  estuarine 
to  marine  conditions  of  deposit. 

Sythe  Bed». — In  the  north-eastern  part  of  the  district 
between  Hythe  and  Sevenoaks  these  beds  consist  of  greenish- 
yellow  sand,  often  marly  or  argillaceous,  and  hard  bluish-grey 
calcareous  sandstone,  the  soft  beda  being  locally  known  as 
"hassock"  and  the  hard  beds  as  rag ;  the  latter  are  quarried 
for  lime-burning  and  building  purposes,  and  when  exported 
are  known  as  Kentish  Bog.  'tha  beds  of  rag  and  hassock 
alternate  in  regular  layers,  and  these  alternations  are  some- 
times so  frequent  that  no  fewer  than  28  such  layers,  or 
courses,  have  been  counted  in  a  vertical  depth  of  80  feet. 


than  green ;  for  thcae  txaAt  therefom  tbe  name  VtcliuK  (froi 
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Occasionally,  beds  of  chert  occur,  and  one  of  these,  near 
Sevenoaks,  is  from  4  to  13  feet  thick.  At  Hythe  and 
Maidstone  the  total  thickness  is  only  from  70  to  80  feet, 
but  at  Sevenoaks  it  is  160,  and  thence  it  increases  westward 
to  about  200  near  Gbdalming.  At  the  same  time  the 
beds  of  rag  become  fewer,  till  the  whole  mass  consists  of 
sand  and  sandstone,  generally  light-yellow,  specked  with 
green. 

In  the  south-west,  about  Midhurst  and  Petersfield,  there 
are  some  beds  of  calcareous  stone,  but  these  die  out  to  the 
eastward,  and  the  whole  group  becomes  rapidly  thinner  in 
that  direction ;  at  Hassocks  Gute  it  is  only  25  feet,  and 
near  Eastbourne  both  it  and  the  Atherfield  clay  are  absent. 

The  chief  fossils  of  the  Hythe  beds  are  Exogyra  sinuaia, 
Trigonia  spinosa,  Tr,  omata,  Belemnites  semicanaliculaitis. 
Nautilus  elegans,  Ancyloceras  Bowerhankii,  A,  gigas^  Tere- 
hratula  sella,  and  Crassatella  rohinaldina. 

Sandgate  Beds. — These  are  a  variable  set  of  beds,  but  are 
generally  more  or  less  argillaceous.  At  and  near  Sandgate 
they  consist  of  dark  green  clayey  sand  full  of  glauconite 
grains  and  about  70  feet  thick ;  fossils  are  not  numerous, 
but  at  the  base,  resting  on  the  Hythe  beds,  there  is  fre- 
quently a  layer  of  pebbles  and  phosphate  nodules,  with 
Brachiopods  and  other  fossils  in  the  state  of  casts. 

Westward,  by  Ashford,  Maidstone,  and  Sevenoaks,  the 
Sandgate  beds  are  very  thin  (10  to  20  feet),  but  include 
some  beds  of  fuller's  earth ;  they  thicken  again  near  Nut- 
field,  where  beds  of  fuller's  earth,  sandy  clay,  and  soft  sand- 
stone occur  about  50  feet  thick. 

West  of  Eeigate  they  do  not  appear  on  the  Gkological 
Survey  map,  being  supposed  to  thin  out,  but  it  is  more 
probable  that  they  pass  into  the  Bargate  beds,  which  con- 
sist of  sands  and  hard  calcareous  grits  (Bargate  stone), 
with  some  thin  layers  of  fuller's  earth,  and  coarse  pebbly 
beds  at  the  base,  containing  phosphate  nodules  and  many 
fossils ;  the  whole  thickness  is  about  50  feet.  Avicula 
pectinata  is  a  characteristic  fossil  of  the  Bargate  stone; 
Terehratvla  ohlonga,  T,  depressa,  Waldheimia  ta/marindus, 
Terehratella  Fittoni,  T,  trifida,  and  T,  Menardi  are  some  of 
the  fossils  occurring  in  the  pebble  beds,  and  with  them  are 
many  fossils  derived  from  the  Oxford  clay,  which  must 
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then  have  formed  part  of  the  shore-line  north  of  Godal- 
ming.^ 

In  Hants  and  West  Sussex  the  Sandgate  beds  reappear 
in  a  more  normal  form,  consisting  of  shalj  clay  at  the  top, 
with  sand  and  sandy  clay  below.  Near  Pulborough  these 
beds  are  70  or  80  feet  thick  and  contain  several  layers  of 
large  ferruginous  concretions  which  enclose  Thetis  Sotcsrbyi, 
Trigonia  alceformis,  and  other  fossils.  Before  reaching  East- 
bourne, however,  these  beds  seem  to  have  thinned  out, 
unless  they  are  represented  by  the  green  clayey  sand  which 
there  rests  on  the  Wealden. 

FoUcegtone  Beds, — At  Folkestone  these  consist  of  light- 
green  and  grey  sand  with  beds  of  hard  stone,  partly  sili- 
ceous and  partly  calcareous  in  composition,  which  have 
recently  been  described  by  Dr.  J.  Hinde  as  veritable  sponge- 
banks — ^the  sponges  being  of  the  siliceous  Hexactineliid 
order,  and  their  fine,  needle-like  spicules  are  clearly  visible 
on  weathered  portions  of  the  rock.  Fossils  are  not  abim- 
dant  in  these  beds,  except  at  the  summit,  where  the  soft 
green  sand  below  the  Gkiult  contains  a  set  of  fossils  which 
often  occur  elsewhere  at  the  same  horizon ;  these  are  J.m- 
mcnUes  mammtUaris,  Am,  Bevdantii,  Inoceramus  Said- 
momi,  Panopoea  plicaia,  Pecten  siriatO'punctcUa;  this  band 
being  known  as  the  zone  of  Am,  mammiUaris, 

For  a  few  miles  inland  the  composition  of  the  Folkestone 
beds  is  much  the  same,  but  west  of  Saltwood  they  begin  to 
change  their  character ;  the  cherty  sponge- beds  disappear, 
and  the  sands  are  chiefly  white,  yellow,  and  brown,  current- 
bedded,  and  including  irregular  layers  of  ironstone.  This 
is,  in  fact,  their  normal  facies,  which  they  preserve  with 
little  change  all  round  the  Wealden  area,  and  consequently 
the  name  of  Folkestone  beds  is  not  a  very  happy  one.  In 
Sussex  they  are  generally  yellow  and  white  sands,  with 
occasional  thin  bands  of  hard,  ferruginous  grit,  which  is 
locally  known  as  Carstone. 

2.  South-Western  District, 

In.  the  Isle  of  Wight,  and  on  the  coast  of  Dorset,  the 

^  The  GodalmtDff  section  has  been  carefully  described  by  Mr.  Meyer 
in  a  paper  read  before  the  Oteoh  Assoc,  in  1868. 
II.  C  C 
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Lower  Cretaceous  series  is  again  brought  to  the  surface  by 
a  sharp,  upward  curvature  of  the  strata,  the  line  of  which 
strikes  east  and  west,  from  Culver  ClifF  to  Ballard  Down 
and  the  Kidgeway. 

Wealden  Beds  are  exposed  on  both  sides  of  the  Isle  of 
Wight.  The  lowest  beds  seen  are  those  at  Brook  Point  in 
Compton  Bay,  and  consist  of  a  pale  sandstone  overlain  by  red 
and  green  marls  in  which  the  broken  trunks  of  pine-trees  are 
so  numerous  that  it  would  seem  as  if  a  raft  of  waterlc^ged 
trees  had  here  simk  to  the  bottom,  a  frequent  occurrence  in 
the  deltas  of  large  rivers  like  the  Mississippi ;  the  spot  is 
known  to  local  geologists  as  the  "  pine-raft."  The  higher  beds, 
a  succession  of  variegated  marls,  or  clays,  with  thin  beds  of 
sandstone,  can  be  seen  by  walking  along  the  coast  to  the 
southward;  they  have  yielded  bones  and  footprints  of 
Igvunodon  and  other  reptiles,  and  are  about  300  feet  thick. 
The  highest  beds  between  Brixton  Bay  and  Atherfield  Point 
are  a  set  of  grey  shales  with  sandstones,  and  then  sandy 
limestones  in  which  a  few  marine  fossils  have  been  foimd, 
Modiola,  Cardivm,,  Cerithium,  and  Exogyra  simiata ;  these 
beds  are  200  feet  thick,  and  are  correlated  by  Professor 
Judd  with  the  Punfield  beds  described  below,  but  if  these 
latter  belong  to  the  Lower  Greensand,  as  Mr.  Meyer  believes, 
this  correlation  cannot  be  correct.  No  one  has  since  com- 
pared the  two  sections. 

The  most  complete  exposure  of  the  Wealden  ^  series  is 
foimd  in  Swanage  Bay  on  the  coast  of  Dorset,  where  it 
forms  the  low  cliffs  at  the  head  of  the  bay  between  Purbeck 
marls  and  the  Lower  Greetisand.  All  these  strata  dip 
at  a  considerable  angle  to  the  north,  and  Mr.  Bristow  in- 
forms me  that  the  thickness  of  the  Wealden  group  here  is 
not  less  than  2,500  feet.  The  lower  part  consists  of  sands 
and  sandy  clays,  with  seams  of  ironstone  and  bands  of  cal- 
careous grit ;  above  are  variegated  clays  with  laminated 
sands  and  shales  at  the  summit,  the  topmost  bed,  accord- 
ing to  Mr.  Meyer,^  being  a  bed  of  ferruginous  grit.  In 
these  beds  teeth  and  bones  of  fish  and  Dinosaurian  rep- 
tiles are  not  uncommon,  while  Cyprid  crustaceans  and 
plants  aboimd  in  the  shales. 


1  i« 


Quart.  Joarn.  Geol.  Soc./'  vol.  zxiz.  p.  70. 
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The  next  exposure  of  the  Wealden  is  m  Worbarrow  Bay, 
but  here  their  thickness  is  only  725  feet ;  in  Mewps  Cove 
they  measure  660  feet ;  in  Lulworth  Cove  462,  and  in  Man- 
of-War  Cove  they  are  reduced  to  1 72  feet.  They  are  seen 
again  at  Osmington  and  at  Bidgeway,  but  have  not  been 
traced  beyond  the  latter  locality. 

Wealden  Beds  reach  the  surface  again  over  a  small 
space  in  the  Vale  of  Wardour,  but  their  thickness  here 
is  not  known,  and  north  of  this  they  are  completely  hidden 
by  the  overlap  of  the  higher  Cretaceous  rocks. 

Lov^er  Green  sand. — Excellent  sections  of  this  series 
are  foimd  in  the  Isle  of  Wight ;  the  clearest  and  best  known 
of  these  is  the  diff  section  between  Atherfield  Point  and 
Bocken  End  at  the  south-west  comer  of  the  island.  Dr. 
Fitton  describes  the  following  succession  here : — 


16.  Yellow  and  white  sands 

15.  Grey  clays  and  sand-rock 

14.  Sands  with  hard  ferruginons  lumps 

13.  Green  and  yellow  8an£i 

12.  Shaly  clay  and  ferruginous  sands 

11.  Greensand  and  clay 

10.  Hard  greensand  and  sandstone 
9.  Green  and  grey  sands  . 
8.  Sand  with  nodules  containing  Crioceras 
7.  Greenish  sandy  clay  and  brown  clay    . 
6.  Sands  and  clays  with  Ancyloceras  nodules 
5.  Brown  sands  with  Ancylocera$  nodules 
4.  Brown  ferruginous  sands 
3.  The  *' Crackers" — sands  and  sandy  clays, 

cretionary  masses  of  calcareous  grit 
2.  Atherfield  clay,  grey  and  brown  clays 
1.  Pema  Bed,  dark  argillaceous  sandstone 


with 


large 


oon 


Feet. 
118 
118 
20} 
97 
25 
20 
16 
42 
46 
57 
16 
50} 
32 

85 

60 

5 

808 


It  is  not  difficult  to  correlate  Fitton' s  divisions  with  those 
established  in  Kent  and  Surrey.  Nos.  1,  2,  and  3  are  the 
Atherfield  beds,  and  they  are  the  most  fossiliferous  beds  of 
the  whole  series,  Pema  Mulleti,  Pinna  robinaldina.  Ammo- 
niies  Deshayesii,  GryphcRa  ainriaia,  Trigonia  caudata,  and  T. 
dcedalea  being  common.  The  overlying  beds  from  4  to  13 
may  be  correlated  with  the  Hythe  beds ;  their  principal 
fossils  are  mentioned  on  p.  374.  Nos.  14  and  15  appear  to 
correspond  with  the  Sandgate  beds   (Pebble  Beds  and 
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Fuller's  Earth  of  Godalining).     The  highest  sands  (16)  are 
doubtless  equiTalent  to  the  Folkestone  beds. 

The  three  uppermost  divisions  being  well  exposed  near 
Shanklin  on  the  eastern  side  of  the  island,  are  sometimes 
known  as  the  "Shanklin  sands."  Adopting  this  name, 
we  may  divide  the  series  into  three  groups,  as  below : — 

Feet. 
3.  Shanklin  sands      ....     266^ 
2.  Walpen  sands  (Hythe  beds)  .         .     401j^ 
1.  Atherfield  beds      .         .  .160 

In  Dorset  their  thickness  is  much  reduced,  but  is  still 
some  250  feet  thick  at  Punfield,  in  Swanage  Bay,  accord- 
ing to  Mr.  Meyer,*  whose  interpretation  of  the  section  there 
seems  more  probable  than  that  of  Professor  Judd.  Above 
the  grit  bed  which  Meyer  takes  at  the  base  of  the  series  are 
some  35  feet  of  dark  argillaceous  beds  containing  Ather- 
field fossils.  These  are  succeeded  by  the  strata  which 
Professor  Judd  calls  the  Punfield  beds,  but  which  would 
appear  to  represent  the  Walpen  sands  of  the  Isle  of 
Wight.  They  are  about  160  feet  thick  ;  but  the  most  im- 
portant bed  is  a  band  of  shale  at  the  base,  which  contains 
a  peculiar  assemblage  of  fossils — Vicarya  Lujani,  V.  Pro- 
doi,  CerUhium  VillanovcBy  Actceon  Esqiierce,  Plicatula  atper- 
rima,  Pema  Eauliniana,  Corhula  striattda,  Exogyra  ainuaia, 
Cardium  sttbhillanum,  and  Ammonites  Deshayesii  are  some 
of  these.  The  Vicaryce,  Cerithia,  Actceon,  and  many  other 
species  occur  in  the  Ehodanien  beds  of  Spain,  but  are  not 
Imown  elsewhere  in  England.  Above  this  band  are  yellow 
and  ash-coloured  sands  with  seams  and  bands  of  day,  and 
the  uppermost  beds  are  grey  shales,  containing  Cyrena  and 
Cypris,  Above  these  Punfield  beds  are  ferruginous  sands 
and  clays,  which  may  be  regarded  as  the  Shanklin  sands, 
and  are  about  60  feet  thick. 

In  Worbarrow  Bay  there  is  a  still  further  diminution  of 
thickness;  the  Atherfield  beds  are  absent;  the  Punfield 
beds  are  about  65  feet  thick,  and  consist  of  light-coloured 
sands  and  days ;  the  Shanklin  sands  are  about  40  feet. 

*  •*  Quirt.  Journ.  Geol.  Soc.,"  vol.  xxix.  p.  70  j  for  Professor  Jndd's 
view,  see  "  Q.  J.  G.  S.,"  vol.  xxvii.  p.  207. 
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In  Mewps  Bay  only  the  top  of  the  Shanklin  sands  are 
seen  faulted  against  the  WesJden,  and  in  Lnlworth  Cove 
no  trace  of  them  has  been  detected. 


3.  Midland  District 

What  is  known  as  Lower  Greensand  in  this  part  of 
England  appears  to  be  only  the  uppermost  part  of  that 
formation,  representing  the  Shanklin  sands  of  the  Isle  of 
Wight,  the  Folkestone  and  Sandgate  beds  of  the  Weald. 
They  rest  imconformably  upon  the  Upper  Jurassic  rocks, 
sometimes  upon  the  Coral  Bag,  sometimes  on  Eimeridge 
clay,  and  sometimes  on  Portland  or  Purbeck  beds.  They 
rary  greatly  in  thickness  and  in  lithological  characters,  and 
are  sometimes  overlapped  by  the  Gault,  so  that  their  out- 
crop is  concealed  for  a  space  by  that  clay.  Their  range  is 
thus  brokeh  up  into  a  series  of  short  tracts  and  patches. 

Seend  and  Faringdon  Beds. — These  consist  for  the 
most  part  of  soft  yeUow  and  brown  sand,  with  some  layers 
of  sandstone  and  thin  bands  of  ironstone,  but  at  the  base 
there  are  irregular  beds  of  pebbly,  fossiliferous  gravel,  com- 
pacted in  places  into  a  conglomerate.  The  pebbles  are  chiefly 
of  quartz  and  porcellanous  slate  (lydianite).  Among  the 
fossils  Sponges,  Brachiopods,  and  Echinoderms  are  con- 
spicuous, the  following  being  some  of  these : — 

Terebratula  tomacensis,  Peltastes  Wrightii, 

depressa,  Goniopygus  peltatus, 


»» 


Waldheimia  tamarindus,  Oidaris  fanngdonensis, 

Terebratella  Menardi,  Manon  porcatum, 
Bhynchonella  nuciformis,  „       faringdonensis, 

„  latissima,  Yerticillites  anastomosans. 

Shotover  Beds.— The  summit  of  Shotover  Hill,  south- 
east of  Oxford,  consists  of  ferruginous  sands,  with  bands 
of  ochre  and  cream-coloured  loam,  which  contain  remains 
of  freshwater  shells,  Unio,  Cyrena,  and  Palttdina,  some  of 
which  closely  resemble  Wealden  species.^  Similar  beds 
occur  at  Wheatley  and  Brill,  where  they  include  beds  of 

»  See  Phillipe,  "  Geology  of  Oxford,"  p.  412. 
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grey  and  lilac  clay,  and  also  at  Stone,  near  Aylesbury; 
their  exact  stratigraphical  position  ha^  not  yet  been  deter- 
mined. It  is,  however,  very  unlikely  that  they  are  really 
of  Wealden  age,  and  much  more  probable  that  they  are 
fluviatile  beds  of  a  later  date,  contemporaneous  with  the 
marine  sands  which  crop  out  from  beneath  the  Guult  at 
other  places  in  Oxford  and  Bucks. 

Woburn  Sands. — ^Yellow  and  white  sands  emerge 
from  beneath  the  Gkiult  near  Leighton  Buzzard,  and  form 
a  range  of  lulls  by  Woburn  and  Ampthill  to  the  neighbom-- 
hood  of  Shefford.  Near  their  base  are  beds  of  phosphatic 
nodules,  which  are  worked  near  Brickhill,  and  include 
casts  of  fossils  derived  from  the  underlying  Jurassic  clays,  to- 
gether with  well-preserved  contemporaneous  fossils.  Among 
the  latter  are — Terebratula  sella,  T.  depressa,  T.  micro- 
trema,  T.  mwutoniana,  and  others,  TerehrateUa  Menardi,  Ter, 
FUtoni,  Waldheimia  ceUica,  W.  tamarindus,  and  others.  Pel- 
tastes  Wrightii,  and  many  of  the  Faringdon  sponges.^ 

The  sands  above  are  dug  for  glass-making  purposes,  and 
are  believed  to  be  about  200  feet  thick  near  Woburn ;  they 
also  contain  a  band  of  fuller's  earth,  which  has  been  worked 
for  more  than  a  century. 

These  Woburn  sands,  passing  beneath  the  valley  of  the 
Ivel,  become  conspicuous  again  near  Sandy  and  Potton, 
with  the  same  nodule  beds  near  the  base,  in  which  derived 
reptilian  bones  are  very  abimdant ;  thence  the  sands  run 
through  Cambridgeshire  to  the  Fens  south  of  Ely,  near 
Streatham  a^d  XJpware. 

Upware  Beds. — Banked  against  the  Corallian  lime- 
stones which  form  this  island  in  the  Fens  are  sands  and  silts 
with  two  nodule  beds  similar  to  those  of  Brickhill  and 
Potton,  but  containing  a  still  larger  number  and  variety  of 
fossils.  The  whole  group  here  is  less  than  12  feet  thick, 
and  is  overlain  by  the  G^ult,  so  that  it  seems  on  the  point 
of  thinning  out.  Besides  the  species  previously  quoted  from 
Brickhill,  there  are  here  a  number  of  Gasteropod  and 
bivalve  Mollusca  which  do  not  occur  in  Bucks,  though 
some  of  them,  such  as  Opis  neocomiensis,  Pecien  amUhoptts, 
and  Lima  Faringdonensis  appear  at  Faringdon.     !Reptiliaa 

^  Keeping,  '<  Fossils  of  Upware  and  Brickhill,  Cambridge/*  1883. 
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bones  also  occur  here,  and  though  many  are  derived,  Mr. 
Keeping  thinks  some  are  indigenous,  especially  the  Iguano- 
don  and  Crocodilian  remains. 


4.  Northern  District. 

In  Yorkshire  and  Lincolnshire  the  Lower  Cretaceous 
series  exhibits  a  more  complete  succession  of  marine  deposits 
than  is  foimd  in  the  southern  or  midland  counties.  Our 
knowledge  of  them  is  chiefly  due  to  Professor  Judd,*  but 
the  Lincolnshire  beds  have  been  mapped  by  the  Geological 
Survey.^  They  emerge  from  beneath  the  Red  Chalk  near 
Caistor,  and  extend  thence  in  a  gradually  widening  strip  to 
the  neighbourhood  of  Spilsby  and  Candlesby  at  the  south 
end  of  the  Lincolnshire  Wolds.  In  .Yorkshire  the  whole 
series  is  argillaceous,  but  in  Lincolnshire  portions  of  it  are 
arenaceous.  The  type  section  is  found  at  Speeton  Cliff  in 
Yorkshire. 

Lov^er  Group. — ^At  the  base  of  this,  both  in  Yorkshire 
and  Lincolnshire,  there  is  a  bed  of  phosphate  nodules  con- 
taining rolled  casts  of  fossils  derived  from  the  Upper 
Jurassic  clays.  Above  this  at  Speeton  are  dark  shaly  clays 
which  are  divisible  into  three  zones,  as  below : — 

Feet. 
3.  Zone  of  Ammonites  speetonensis  .  .  100 
2.         „  „  noricus  .         .  60 

1.         „  „  astierianus    .         .  60      , 

The  lowest  zone  also  contains  Am,  multiplicatus,  Am.fasci' 
ctUaris,  Belemnites  lateralis,  Exogyra  Couloni,  and  Toxaster 
eomplanatus. 

In  Lincolnshire  these  clays,  or  at  any  rate  the  two  lower 
zones,  are  represented  by  soft  yellow  and  grey  sands 
(Spilsby  sands),  including  large  blocks  or  doggers  of  cal- 
careous sandstone,  which  are  rich  in  fossils — Belemnites 
lateralis f  Am,  plicomphalus,  Am,  muUiplieattis  (?),  Pecten 
orbicularis,  var.  magnus,  Trigonia  robinaJdina,  and  other 
Trigonice,  allied  more  to  Jurassic  than  to  Cretaceous  forms. 

^  **  Qaart.  Jonrn.  Greol.  Soc.,**  vol.  xxili.  p.  227,  and  vol.  xxiv.  p.  218. 
^  "  Meme.  6eol.  Survey,  Explanations  of  Sheets  83  and  84." 
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Middle  Group. — At  Speeton  this  conaiBts  entirely  of  . 
cUy,  and  iB  150  feet  thick ;  at  the  base  is  a  zone  in  which 
Ancyloeeras  Duvalii  and  Am.  btpin-natiu  are  abundant,  and 
at  its  top  is  a  layer  of  dark  brown  septarian  nodules,  in 
which  remains  of  the  small  lobster-like  crustacean  Meyeria 
onuUa  are  found.  Abore  this  are  cl^iys,  with  Pecten  cinclve, 
Exogyra  nniiaia,  and  Belemniteg  jaeulum. 

Near  Tealby  in  Lincolnshire  this  group  consists  of  clajs, 
limestones,  and  ironstones,  which  are  called  the  Tealby 
beds  bj  Professor  Judd;  the  large  Pecten  cintitu  is  the 
most  (^stinctive  fossil  of  these  beds,  but  all  the  Speeton 
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species  just  mentioned  also  occur,  together  with  Trigonia 
ingeru,  Ter^nratvla  tomacenait,  Oitrea  macroptera,  and 
BhynehonsUa  parvirogtrU.  South-east  of  Tealby  the  lime- 
stones die  out ;  and  about  Dalby  and  Scramby,  near 
Spilsby,  the  group  consists  of  the  following  beds ; — 

Feet. 
Soft  marly  and  oolitic  ironstone  ("  roach  ")       40 

Dark  blue  clays 100 

Hard  oolitic  ironstone  .        .       2  to  12 

It  is  passible  that  the  lowest  ironstone,  and  part  of  the 
blue  day  above,  belongs  to  the  zone  of  Am.  ^eetoneneit,  as 
that  Ammonite  occurs  in  this  clay  near  Donnington. 

Upper  Group. — At  Speeton  this  also  consists  of  clay  ; 
at  the  base  is  a  band  of  light  blue  clay  (about  30  feet  thick), 
containing  large  septaria  or  cement-stones ;    in  these  are 
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many  fbssils — Belemnites  semicanalictUatus,  AmmonUes 
nistMf  Am.  Deshayesii,  Ancyloceras  grande,  Plicatula  pla^ 
cunea,  Pema  Mulleti,  Thetis  minor,  Thracia  PhiUipsii, 
TerebrcUula  sella.  Above  the  Cement-stone  beds  there  is 
blue  clay  (50  feet),  with  very  few  fossils,  the  whole  fauna 
consisting  of  Belemnites  sp.,  Rhynchonella  sulcata,  and  Ver- 
mictdaria  Phillipsii ;  this  passes  up  into  black  clay,  with  Be^ 
lemnites  minimus,  which  is  elsewhere  a  fossil  of  the  G^ult. 

In  Lincolnshire  no  clay  containing  such  a  fauna  has  been 
met  with ;  the  group  is  either  absent  or  represented  by  the 
coarse  brown  sandstone  which  immediately  underlies  the 
Chalk,  and  which  attains  a  maximum  thiclmess  of  40  feet. 
No  fossils  have  yet  been  foimd  in  this  sandstone,  but  it  is 
provisionally  classed  as  the  topmost  member  of  the  Lower 
series. 

Of  these  three  groups  the  lowest  is  imquestionably  older 
than  any  other  marine  bed  in  England,  and  is  doubtless  the 
marine  equivalent  of  a  portion  of  the  Wealden.  It  appears 
to  be  homotaxial  with  the  upper  part  (Hauterivien)  of  the 
true  Neocomien  of  the  Franco-Swiss  area,  the  yellow  marls 
of  B^uterive  and  Morteau  with  Am.  radiaius.  Am.  astieria- 
nus,  and  Toxaster  complanatus.  The  middle  group  is  corre- 
lated by  Professor  Judd  with  the  XJrgonien,  though  in  the 
abundajice  of  Crustacean  remains,  Exogyrce  and  Ancyloceras, 
it  resembles  the  Atherfield  beds.  The  Cement-stone  fauna 
indicates  a  still  higher  horizon,  and  can  almost  be  matched 
vdth  that  of  the  Hythe  beds ;  it  would  appear  to  be  a  deep- 
water  fauna  of  Aptien  age,  while  our  other  Aptien  beds  are 
shallow- water  deposits,  and  therefore  contain  a  somewhat 
different  assemblage  of  fossils. 

In  Norfolk  there  is  a  series  of  ferruginous  sands  and 
sandstones,  which  occupy  the  place  of  the  beds  above 
described,  and  are  known  as  the  Carstone  series,  but  so  few 
fossils  have  been  f oimd  in  them  that  correlation  is  difficult ; 
there  can  be  little  doubt,  however,  that  the  upper  Carstone 
seen  at  Hunstanton  is  the  same  as  the  upper  brown  sand- 
stone of  Lincolnshire.  Below  this  at  Heacham  is  a  band  of 
clay  which  may  represent  the  Tealby  clay.  The  age  of  the 
lower  sands,  which  occupy  a  large  area  near  Sandringham, 
it  is  impossible  to  guess,  but  Hthologically  they  resemble 
those  of  Sandy  and  Wobum. 
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6.  The  Lower  Cretaceous  of  France. 

D'Orbigny  was  the  fi^st  to  establish  palseontological  sub- 
divisions in  the  Cretaceous  system  of  France,  and  most 
French  geologists  still  adhere  to  his  classification,  though 
various  modifications  hare  been  proposed.  In  the  Lower 
series  he  made  three  subdivisions,  naming  them  Neo- 
comien,  XJrgonien,  and  Aptien,  and  there  really  seems  no 
occasion  for  changing  this  nomenclature. 

In  the  north  of  France  the  most  complete  section  appears 
to  be  that  of  Yassy  in  Haute-Mame ;  this  is  as  follows,  and 
the  fact  of  freshwater  beds  occurring  in  the  XJrgonien  is  of 
much  interest : — 

{Greensand,  with  Ostrea  arduennensis. 
Yellowish  sandstone,  with  0.  aquila. 
Clays,  with  Plicaiula  placunea. 
The   red  bed  (couche  rouge),  with  Toxaster 
ohlongus, 
jy        .         I  Freshwater  sands  and   sandstones.     Fresh- 
11^  f    t      i      water  mottled  clays. 

(  Clays,  with  Ostrea  Leymerii. 
Neocomien,  (  Limestone,  with  Toocaster  complanatvs. 
35  feet.     (  Black  clay  and  ferruginous  sands. 

In  the  Jura  the  red  bed  of  Vassy  is  represented  by  yellow 
marls,  with  a  limestone  at  the  base ;  this  stage  has  been 
separated  by  Professor  Eenevier,  under  the  name  of  JSAo- 
danien,  and  he  correlates  it  with  the  lower  part  of  our 
Lower  Greensand,  Atherfield  clay,  &c.  The  lower  part  of  the 
Urgonien  is  there  represented  ^y  thick  marine  iLestones. 
containing  Caprotina  ammonia.  The  section  of  this 
marine  formation  at  the  Perte  du  Bhone  in  the  Jura  is  as 
follows : — 

A    . .  I  Greensand,  with  Am.  mammiUaris, 

20  f    f       \  Sandstone,  with  large  bivalves. 

(  Sands,  vdth  0.  aquUa  and  PL  placunea. 

(Marls,  with  OrbUolites  lenticvlata  at  the  base. 
Marls,    with    Trigonia    caudata,    Aporrhais 
rohinaldina,  and  Hetei'oster  oblongus. 
Ked  limestone,  with  Pterocera  peUufi  and 
DicerOfS  Lonsdalei. 
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Neocomien.  - 


Urgonien,  j  Grey  and  white  limestones,  with  Caprotina 
3^  feet.    (      ammonia. 

No  lower  beds  are  seen  here,  but  fiirther  south  the  under- 
lying Neocomien  beds  are  found  to  comprise — 

Marls,  with  Toxaster  complanatvs. 
Limestone,  with  Ancylocerae  Dutfalii, 
„  „     Belemnites  dilataius. 

Limestone  of  Fontanil. 
Marls,  with  Belemnites  laius. 
Marls  and  limestones,  with  Am,  aslierianus. 
Limestone,  with  Terehratula  diphyoidee. 

These  beds  are  said  to  be  sereral  thousand  feet  thick  in  the 
south  of  France ;  the  upper  limestones  having  a  thickness 
of  1,600  feet  near  Chamberj,  and  the  lower  marls  and 
limestones  being  some  1,800  feet  thick.  Thej  constitute 
the  normal  marine  type  of  which  our  Wealden  beds  are 
the  freshwater  representatives. 


§  B.  Upper  Cretaceous  Series. 

^.The  following  is  a  tabular  view  of  the  larger  zonal 
divisions  into  which  this  series  can  be  subdivided,  and  may 
be  used  by  the  student  as  a  table  of  reference  in  reading 
the  subsequent  more  detailed  descriptions : — 

Maestricht  chalk     .     .     .    Danien. 

{Zone  of  Mar8upite8f  \ 

Zone  of  BelemnUeUa  fnu-  I 
cronata,  >  Senonien. 

Zone  of  Micrasters,  with  | 
hard  rock  at  the  base,     / 
'Zone  of  Holader  planvs,^ 
with  chalk  rock  at  the 
top,        f 
Zone     of      Terebratfdinu 

gracilis. 
Zone  of  RhynchoneUa  Cu- 
vieri,    with     Melboum 
rock  at  base, 


Middle^Chalk.-^ 


Turonien. 
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Lower  Chalk. 


>  Cenomanien. 


Upper  Oreen 
Sand  and 
Gault. 


Zone  of  BelemniteUa  plena. 
Zone  of  Holaster  ivbglo- 

hosttSy  -with  Tottemhoe 

stone  at  base. 
Zone     of      RhynchoneUa 

Martini,  with  Chloritic 

marl  at  base, 
Zone  of  Pecten  aaper. 
Zone  of  Antmonitea  ros- 

tnUus, 

Zone  of  Am.  lautus  and  )  aii^. 
...  >  Albien. 

xnterrwptvs,  j 


The  following  are  the  characteristic  fossils  of  the  major 
divisions : — 


Fossils  of  the  Gault  and  Upper  Greensand. 

8po7igida. — Siphonia  pyriformis,  S.  lobata. 

Actinozoa. — Trochocyathus  conulns,  Cyclocyathus  Fit- 
toni. 

Echinodermata. — Holaster  leevis,  Hemiaster  Bailyi,  H. 
MurchisonisB,  Peltastes  clathratus. 

Brachwpoda, — Terebratula  biplicata,  TerebrateUa  pectita, 
RhynchoneUa  compressa. 

Lamellibranchiata, — Inoceramns  snlcatus,  I.concentricns, 
Avicula  gryphflBoides,  Exogyra  conica,  Grypheea  vesiculosa, 
Nucula  pectinata,  Cardium  Hillanum,  Pectimcolus  umbo- 
natus. 

Gasteropoda. — Solarium  omatum,  Natica  gaultina,  Pleu- 
rotomaria  Bhodani,  Aporrhais  Parkinsoni,  Omithopus 
retilsus,  TurriteUa  granuLata,  DentaHum  decussatum. 

Cephalopoda. — Ammonites  interruptus,  Am.  lautus,  Am. 
splendens,  Am.  auritus,  Am.  rostratus,  Hamites  attenuatus, 
Turrilites  Hugardianus,  Belemnites  minimus. 


Fossils  of  the  Lower  Chalk. 


Spon^ida^  —  Plocoscyphia    mseandrina,    Dendrospongia 
fenestralis. 
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Eckinodermata. — Holaster  subglobosQB,  Discoidea  cylin- 
drica,  Cidaris  dissimiliB. 

Braehiopoda. — Terebratula.  semiglobosa,  Bhynchonella 
Martini,  Bh.  maQtelUana. 


LameUihTa.nehiata,. — InoceramuB  latue,  Plicatula  inflata, 
Pecteu  Beaveri,  P.  fissicoata,  Lima  globosa,  Spondylus 
striatHB. 

Cephalopoda. — Ammonites  Tarians,  Am.  rhotomagenBi&, 
Am.  ManteUi,  Turrilites  coatatuB,  T.  tubercvdatus,  Sca- 
pliit«s  lequalia,  Belemnitella  plena. 


Fig.  97.    Bodiits  <Vom  tbe  ChiJk. 

1.  Sphsrolites  with  opercuiw  valve  (a),  (Turoai«n,  Fnukce). 
3.  R&diolites  Mortoni,  Lower  Chalk,  Lewea  (^). 
3a,  36.  TraasT«ne  Mid  vertical  Mctiont  magn^ed. 


Ttg,  96.     Sharks'  TMih  tnia  the  Lower  Cbalk. 
1.  Corax  pristodoatm.  4.  PtTchodoi  poljgunii  (■ide). 

Z.  Oxyrhina  macrurliLift.        5,  „  „         (turEace). 

3.  Notidaniu  miorodoD.  6.   Otodiu  appeildiciilatii*. 
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Foasils  of  the  Middle  Chalk. 


Echinodermaia. — Oalerites  subrotundae,  CardiaBter  pjg- 
mEea,  Discoidea  iuiuiiti%,  Cidaris  hirudo,  Holaster  planus. 


Fig.  99.     Lover  ud  Middle  Cbalk  Fjbuits. 

a,  Holuler  lubgloboeiu,  f .  e.  Rkjachoaellt  CarKri,  nai.  lut. 

b.  IWrilitet  cattatua,  |.  /.  „  /muiteUi»na,  j. 
e.  Inoceramiu  in^iloidM,  ).         ^.  BelemnitellB  pleiUi,  |. 

d,  AmmooitM  Tuiuw,  (.  h.  Scaphiles  ntUiaJis,  f . 

Brachiopoda.  —  Terebratida  semiglobasa,  .fihynchonella 
CuTieri,  Terebratulina  gracUie.  ' 

LameUibranchiata. — Inoceramns  m7ti|oidee  (Ubiatua),  I. 
Brongniarti.  ' 

Cephalopoda. — Am.  nodosoideB,  Am.  peramplus,  and 
Tar.  ProBperianuB. 


r^ 
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Fossils  of  the  Upper  Chalk. 

Spongida. — Ventriculitea  quincimcialiB,  Siphouia  Ecenigi. 
Schinodermata. — Galerites  conicus,  Micraster  cor-bovia. 


Fig.  100.     Ufptt  Cliklk  FowiIb. 

a.  Mftraupitei  ornatui, 
t.  GoniuCer  ParkinMiai, 

c.  Gklsritei  cooicoB. 

d.  MicruUr  connguiaam.  A.  Fecten  nitidne. 

i.  B«)eiDiiitel)a  mncronsU. 

M.  conmguiuum,  MaraupiteB  omatua,  Anauchytes  ovatus, 
Gkiniaster  Parkmsoni,  Boiu^ticrmua  ellipticus. 

Brachwpoda. — Crania  Ignabergensia,  Terebratula  camea, 
Bhynchooella  octoplicata,  Magaa  pumila. 


i 


Elg.  101.    VentricDlites  quincuneiili*. 
1.  The  Ventricaliu  preMrired  in  6iot. 
3".  A  tmuTerie  sectian  of  1.    Si.  SCractars  mtgnilied. 
3.  The  external  mould  or'"-- 


a  HoftiDinni  dV). 
Upper  Chalk,  nMr  Uaeitricbl,  Belginm. 
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LamellibranchicUa, — Pecten  nitidus,  Lima  Hoperi,  Spon- 
djlus  spinoBUs. 

Cephalopoda. — Belemnitella  mucronata,  B.  vera,  Ammo- 
nites leptophyllus. 

Stratigbapht. 

The  rocks  of  the  Upper  Cretaceous  series  occupy  a  for 
larger  surface  area  in  England  than  those  of  the  Lower 
series,  but  for  the  purposes  of  description  their  range  may 
be  divided  into  the  same  four  geographical  districts,  namely, 
South-eastern,  South-western,  Midland,  and  Northern. 


1.  South-Eastern  District. 

The  general  structure  of  the  Wealden  area  is  shown  in 
figs.  89  and  90,  and  the  outcrops  of  the  several  divisions 
between  the  Lower  Q-reensand  and  the  Upper  Chalk  of  the 
North  and  South  Downs  are  continuous  all  round  the 
area. 

Gault  and  Upper  Greensand. — The  Gtiult  of  Folke- 
stone has  been  studied  in  detail  by  Mr.  F.  G.  H.  Price,^ 
who  divides  it  into  Lower  and  Upper  Gault,  with  a  passage 
bed  between  containing  two  layers  of  phosphate  nodules 
and  fossils  derived  from  the  lower  beds.  There  is  also  a 
layer  of  phosphatic  nodules  at  the  base  of  the  Lower  Quult 
separating  it  from  the  Folkestone  sands.  The  Lower 
Gkiult  consists  of  blue  clay  about  30  feet  thick,  and  is 
divisible  into  seven  zones,  but  these  merely  indicate  the  local 
distribution  of  the  fossils  and  cannot  be  distinguished 
elsewhere.  The  characteristic  Ammonites  are  intermptua, 
awriius,  latUua,  and  denarivs.  The  Upper  Gkiult  is  70  feet 
thick,  and  consists  of  a  pale  grey  marly  clay,  in  the  upper 
part  of  which  is  a  band  of  dark  ar^llaceous  greensand 
3  feet  thick.  The  principal  fossils  of  the  Upper  Gault  are 
Am.  rostratus,  Am.  va/ricoatLs,  Am.  eristaius,  Inoceramvs 
mdcaius,  Avicvla  grypho^oides,  Plicaiula  pectenoides,  Kingena 
lima,  Terebratnla  iiplicata.  No  representative  of  the 
Upper  Greensand  is  found  at  Folkestone,  the  glauconitic 

'  '*  Quart.  Joum.  Geol.  Soc.,"  rol.  zxx.  p.  S42. 
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juarl  above  belonging  apparently  to  the  base  of  the  Chall: 
marl,  and  resting  unevenly  upon  the  Guult  as  if  there  had 
been  some  erosion  of  the  latter. 

Inland  the  thickness  of  the  Quult  becomes  much  greater 
and  is  not  less  than  200  feet  near  Maidstone,  but  the  chief 
part  of  this  appears  to  be  Lower  Gault,  and  the  absence  of 
the  Upper  G-reensand  is  still  more  apparent,  for  at  the 
Aylesf ord  brickyard  Gault  clay  with  Am.  varicosus  is  over- 
lain by  Chalk  marl,  with  a  tlun  layer  of  glauconitic  marl 
and  phosphate  nodules  at  its  base. 

It  is  not  till  we  reach  the  neighbourhood  of  Westerham 
that  anything  like  typical  Upper  Greensand  makes  its 
appearance ;  this  consists  of  soft  green  sand  above,  and 
calcareous  sandstones  below,  the  latter  often  passing  into 
the  fine-grained  siliceous  stone  which  is  known  as  *'  maJm" 
or  "  firestone,"  and  is  largely  composed  of  sponge  spicules;* 
the  whole  is  about  30  feet  thick  between  Merstham,  Eeigate, 
and  Dorking. 

Still  further  west,  in  the  neighbourhood  of  Alton  and 
Selbome,  the  succession  is  given  as  follows :  ^ — 

Chalk  marl  passing  down  into  ''  chloritic  marl." 
Compact  chalky  '*  Malm-rock,"  with  some  beds  of  hard  ragstone. 
Softer  sandy  "  malm,"  passing  into  a  mottled  marly  clay,  which  passes 
down  into  the  Gaolt. 

These  "  malm  beds  "  thin  out  to  the  south-west  below 
the  South  Downs,  and  are  replaced  by  soft  marls  and 
sands.  They  and  the  firestone  beds  are  supposed  to  belong 
to  the  zone  of  Pecien  aaper,  which  occurs  in  France  above 
the  zone  of  Ammonitea  rodraius.  At  Eastbourne  these  beds 
are  absent,  and  the  section  is  similar  to  that  of  Folkestone, 
but  is  not  now  accessible. 

Lower  Chalk. — In  the  cliffs  between  Folkestone  and 
Dover  the  following  zones  have  been  recognized  by  Mr. 
F.  G.  H.  Price :  *— 

Feet. 

4.  Yellow  shaly  chalk,  with  j5tf20mni^0^  |>{0iM     ....        4 

5.  Greyish  white  chalk,  with  HoUuter  aub^loboma  and  Discoidea 

cylindrica 148 

^  Br.  Hinde  on  "  Beds  of  Sponge  Remains,"  Phil.  Trans.,  18S6,  p. 
403. 
•  Topley,  "  Geok)gy  of  the  Weald,  Mem.  Geol.  Sunr.,"  p.  157. 
'  '*  Quart  Joum.  GeoL  Soc.^"  vol.  xzxiii.  p.  431. 
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Feet. 

2.  Chalk  marl,  with  Am.  rhotomagensia  and  Am.  vaHans^  Turrilites 

costatus,  Bhynch.  Mantelliana,  and  many  other  fossils ;  near 
the  base  several  reefs  of  sponges — Plocoscyphia  maandrina, 
&c.,  occur 32 

1.  Dark  gpreen  glauoonito  marl,  with  Stauronema   Carteri  and 

Plocoacyphia  maandrina 14 

At  the  top  of  the  Chalk  marl  there  is  a  soft  mottled  bed 
which  is  very  rich  in  fossils,  no  fewer  than  fifty-six  species 
being  quoted  by  Mr.  Price. 

A  very  similar  section  is  foimd  between  Eastbourne  and 
Beachy  Head,  but  the  Stauronema  beds  there  contain 
numerous  phosphatic  nodules,  and  are  about  30  feet 
thick. 

Inland  there  are  few  complete  sections,  and  little  is  yet 
known  regarding  the  composition  of  the  Lower  Chalk  in 
^  Hampshire,  Surrey,  or  Kent. 

Middle  Chalk. — The  Dover  section  has  recently  been 
examined  by  Mr.  W.  Hill/  who  finds  the  beds  correspond 
closely  with  the  divisions  which  had  been  previously  made 
in  the  Midland  counjties.  The  following  are  the  zones  re- 
cognized with  their  characteristic  fossils,  and  the  thickness 
assigned  to  each : — 

Feet. 

3.  Zone  of  Holaster  planus,  hard  white  lumpy  chalk,  with  two 

marked  lines  of  flints  near  the  top  and  a  band  of  scattered 
flints  below 22 

2.  Zone  of  Terebratulina  gracilU,  soft  white  chalk,  with   some 

flint  nodules  and  thin  bands  of  marl  in  the  upper  part,  Ter. 
gracilis  Kiid  teeth  of  Ptychodua  decurrens  .  .  .  .150 
1.  Zone  of  Bhynchonella  Ouvieri,  in  two  divisions,  firm  white 
chalk  above,  with  Galerites  subrotundus  passing  down  into 
hard  gritty  nodular  chalk,  which  is  very  hard  at  the  base. 
Rh,  Cuvierif  Discoidea  minima,  and  Inoceramus  mytiloides 
occur  throughout 70 

The  hard  rock  at  the  base  of  the  division,  which  rests  on 
the  Belemnite  marl,  is  certainly  equivalent  to  the  Melboum 
Bock  of  Cambridge  and  Herts  (see  p.  415)  ;  and  the 
lumpy  rocky  chalk  of  the  Holaster  planus  zone  appears  to 
be  on  the  same  horizon  as  the  Chalk  rock  of  the  Thames 
Valley. 

Upper  Chalk. — The  chalk  of  this  division  forms  the 

^  *<  Quart  Joum.  Geo!.  Soc.,**  vol.  xlii.  p.  232. 
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cliffs  near  Dover,  Walmer,  and  Deal,  and  those  round  the 
Isle  of  Thanet.  It  is  divisible  into  three  portions  or  zones, 
which  differ  both  in  lithological  character  and  in  fossil 
contents ;  these  are,  in  descending  order  : — 

3.  Zone  of  Marsupites. 

2.         „       Micrasler  coranguinum. 

1.         „       Micraster  corieatvdinarium, 

1.  The  lowest  forms  the  siunmit  of  Shakespeare  Cliff, 
and  comes  down  to  the  sea-level  at  St.  Margaret's  Bay  near 
Dover ;  it  consists  of  loose  chalk,  with  many  layers  of  hard 
semi- crystalline  lumps  or  nodules,  and  includes  a  band  of 
very  hJd  yellowish  ^tty  rock  some  12  feet  thick ;  flints  are 
few  and  scattered,  except  near  the  top,  where  they  begin  to 
be  arranged  in  lines.  In  these  beds  Micraster  breviporus 
and  M.  cortestudinarium  are  common  fossils ;  Ammonites 
prosperianus,  Rhynchonella  octoplicaia,  Rh,  reedensis  and 
Trochua  gemmutus  are  also  foimd.  This  division  is  about 
80  feet  thick,  according  to  Mr.  Hill. 

2.  The  succeeding  chalk  is  whiter  and  softer ;  it  contains 
numerous  lines  of  flint  nodules,  and  al^  continuous  floors 
of  flint  several  inches  thick.  Fossils  are  less  abundant,  but 
Micraster  coranguinum,  Rhynchonella  suhplicaia,  Lima 
Hoperi,  and  others  occur.  This  chalk  is  found  again  at 
Broadstairs. 

3.  The  uppermost  zone  consists  of  soft  white  chalk 
witJumt  flints ;  it  caps  the  flint-bearing  chalk  near  Deal 
and  forms  the  cliffs  near  Margate ;  in  it  the  plates  of  Mar- 
supites (M,  MiUeri  and  M.  omaius)  are  common  fossils,  to- 
gether with  BelemnUes  quadrata,  B,  vera,  Gulerites  conicus, 
Micraster  coranguinum  and  spines  of  Cidaris.  Ananchytes 
ovatus  is  found  throughout  the  Upper  Chalk  from  base  to 
top. 

It  is  not  certain  whether  the  chalk  with  BelemniteUa 
mucronaia  occurs  in  the  Isle  of  Thanet. 

A  similar  succession*  can  be  traced  in  the  chaJk  cliffs 
between  Beachy  Head  and  Brighton,  and  an  excellent 
description  of  these  sections  is  given  by  Dr.  Ch.  Barrois  in 
his  Memoir  on  the  Upper  Cretaceous  Bocks  of  Great 
Britain.* 

*  *'  Mems.  de  la  Soc.  Geo!,  da  Nord/'  1876,  p.  18-28. 
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.  South-Westem  District. 


In  this  I  include  the  Isle  of  Wight  and  the  counties  of 
Hampshire,  Wiltshire,  Dorset,  and  Devon.  It  contains 
some  of  the  best  known  sections  of  the  Cretaceous  series, 
those  of  the  Isle  of  Wight  being  probabl;  the  most  com- 
plete exhibition  of  the  series  in  Britain.  As  the  strata  are 
traced  westward  their  thickness  gradually  diminishes,  and 
their  characters  undergo  considerable  modification  as  the; 
approach  what  was  clearly  the  shore-line  of  the  period  in 
I>eTon8hire.  The  Gault  and  Upper  G^reensand  overlap  the 
Lower  dreensand,  and  overstep  the  several  members  of  the 
Jurassic  system  till  they  come  to  rest  upon  the  Trias. 

The  general  structure  of  the  Isle  of  Wight  is  shown  in 
the  transverse  section,  fig.  103  ;  the  Chalk  forms  the  central 
ridge  of  the  island  from  Culver  ClifFto  the  Needles,  with  an 
increasing  northerly  dip  ;  from  beneath  the  Chalk  crop  out 
the  Upper  Greensand  and  Gault,  and  the  whole  series  once 
extended  over  the  flattened  arch  of  the  Lower  Greensand,  but 
has  everywhere  been  removed  except  in  the  extreme  south 
of  the  island,  where  the  Gault  and  Qreensand,  capped  in 
^oces  by  the  Lower  Chalk,  form,  the  Downs  above  the 
TJndercliff. 

Gault  and  Upper  Greensand. — Good  exposures  of 
these  beds  are  visible  at  either  end  of  the  UndercUfE  of  the 
Isle  of  Wight,  viz.,  Ventnor  and  below  St.  Catherine's  Down, 
At  the  former  place  the  descending  section  is  as  follows : — 


&  S  T  6.  Gray  lutdiumes,  with  buiils  of  hud  rag, 

a;  I  <  9.  Tellow  and  leddith  MuidBloites,  wiih  buidi  of  ng 

P  £  14.  Soft  yeUowinicaoaoiu  Bands,  with  ciJcaKoua 

O  I  Am.  nslraius,  Skynch.  latiMima,  Otina  cornea 

I  diaiCer/oaarUu,  and  other  fossils     , 

.^     \3.  Hard  blue  rag 

■     t  3.  Bluiih-grej  saDdj  ood  micaceon*  clay,  few  fbuils 
<3     )  1.  Dark  blue  cUy,  with  a  few  Oault  fossils 


The  two  lower  divisions  are  usually  called  Gault,  and  the 
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liigher  beds  Upper  Greensand,  but  many  of  tbe  fossils  of 
the  Upper  Qnult  of  Folkestone  occur  Here  in  the  sands 
(No.  4).  Dr.  Barrois  places  the  Chert  beds  in  the  zone  of 
Pecten  asper,  but  that  fossil  does  not  seem  to  occur  in 
them. 

In  the  Isle  of  Purbeck,  at  Punfield,  and  at  Lidworth 
CoTe  a  similar  set  of  beds  are  found,  but  the  Gtiult  clays 
are  much  thinner  (only  60  or  70  feet) ;  above  are  green 
glauconitic  sands  with  bands  of  rag  {66  feet),  surmounted 
by  10  feet  of  green  sand  with  Pecten  dsper. 

Further  west,  near  Lyme  Regis,  the  G-ault  day  thins  out 
entirely  or  passes  into  greenish  sandy  clays.  At  and  near 
Beer  Head  the  section  is  as  follows,  according  to  Mr. 
Meyer  *  and  Dr.  Ch.  Barrois  :  * — 

Feet. 
3.  Yellowish  sandstone,  with  green  grains,  Pecten  asper,  TerebraUUa 

pectita,  Bhync,  convexa^  &c.  (Warminster  beds)  .  .  .20 
2.  Liffht  coloured  sands,  with  bands  of  chert,  Exoffi/ra  columbaj 

Pecten  4-co8taiu8,  and  Orbitolina  concava 74 

1.  Dark  grey  and  greenish  argillaceous  sand,  with  Inoceramus  md- 

catus,   Pectuncidtts   umbwatuSf  and    Hemiaster    Murchuoms 

(Blackdown  beds) 58 

At  Blackdown  and  Haldon,  in  DcTonshire,  outliers  of  the 
Cretaceous  sands  rest  upon  the  Trias,  and  these  have  been 
recently  described  by  the  Rev.  W.  Downes.^  He  concludes 
that  the  mass  of  the  Blackdown  beds  do  not  occur  at 
Haldon,  the  lowest  beds  there  being  the  uppermost  beds  of 
Blackdown.  The  true  Blackdown  beds,  with  Trigonia  alee- 
formis,  Pectv/nculvs  urnhonattts,  Inoc,  sulcatua,  &c.,  are  75 
feet  thick ;  they  consist  of  yellowish  brown  sands  and  sand- 
stone with  concretions,  used  for  making  "  whetstones." 
Above  these  is  sand  with  bands  of  chert,  which  is  85  feet 
thick  at  Haldon,  and  is  overlain  by  jaspery  rock  full  of 
fossils,  sand,  and  chert,  with  Orbitolina  concava  (16  feet  in 
all)  ;  these  might  be  called  the  Haldon  beds,  and  they  evi- 
dently  correspond  to  the  Chert  beds  (No.  2)  of  Dorset- 
shire. 

When  traced  northward  into  Wiltshire  the  group  pre- 

*  "  Quart.  Joum.  Geol.  Soc.,"  vol.  xxx.  p.  369. 

*  "  Recherches,"  p.  69. 

*  **  Quart.  Joum.  Geol.  Soc.,"  toI.  xxxriii.  p.  75, 
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sents  a  different  aspect,  and  consists  of  (1)  Gkkult  clay, 
varying  in  thickness ;  (2)  soft  grey  micaceous  sandstone  wi^ 
few  fossils,  30  feet ;  (3)  soft  glauconitic  sands  with  many 
fossils,  about  20  feet.  These  last  are  known  as  the  War- 
minster beds. 

Lower  Chalk. — In  the  Isle  of  Wight  this  is  over  100 
feet  thick,  consisting  of  the  following  beds,  according  to 

Barrois ;  — 

Feet. 
Grey  chalk  in  regalar  beds,  with  Holaster  suhglohoms  and  Ain.  rhoto- 

THogensU 90 

Chalk  marl,  with  Scaphites  aqtialis,  Am.  varians,  Am,  MantelU, 

Turrilites  costcUus,  and   a  *'  sponge  bed "  with  Plocoacyphia 

mmandrina  at  the  base 20 

Chloritic  mar),  with  green  grains  and  many  fossils  in  phosphate, 

Tiarilites  MorHsii,  and  Stauronema  Carteri     ....       6 

The  zone  of  Bel.  plena  has  not  been  recognized  here,  but 
it  is  seen  in  the  sections  on  the  Dorset  coast,  that  fossil 
occurring  in  a  band  of  greenish  marl  two  to  six  feet  thick. 
This  is  underlain  by  about  40  feet  of  compact  .marly  chalk, 
and  at  the  base  is  "Chloritic  marl."  The  Chalk  marl 
proper  appears  to  have  thinned  out,  but  here  and  further 
west  the  "  Chloritic  marl  **  contains  Holaster  subglohosua, 
and  it  may  be  that  this  glauconitic  marl  is  not  a  definite 
horizon,  but  only  a  basement  bed  formed  along  a  sloping 
surface,  and  eventually  representing  only  the  higher  part 
of  the  Lower  Chalk.  This  view  finds  confirmation  in  the 
sections  near  Beer  Head  in  Devon,  where  the  whole  divi- 
sion is  reduced  to  a  thickness  of  only  10  feet,  and  consists 
of  two  beds — the  lowest  comparable  to  Chloritic  marl,  as 
it  contains  green  grains  and  phosphatic  fossils ;  the  upper 
a  hard  nodidar,  rocky  chalk. 

Middle  Chalk. — Dr.  Barrois  was  the  first  to  establish 

this  division  in  the  Isle  of  Wight,'  and  to  compare  it  with 

the  French  Turonien.     It  there  consists  of : — 

Feet. 
Soft  chalk,  with  a  layer  of  green-coated  nodules  at  the  base 

(?  Chalk  rock) 8 

White  chalk  in  thick  beds,  with  a  few  flints — zone  of  TerebratiUina 

aracilU 120 

Hard  chalk,  with  a  band  of  hard  yellowish  nodular  rock  at  the  base 

— xone  of  Inoc.  lahiaius  or  ahynch.  Cuvieri   ....       60 


1  t« 
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The  same  zones  are  traceable  througli  Dorsetshire  with 
little  change.  In  Devon,-  however,  they  are  somewhat 
modified ;  the  lower  beds  of  hard  yellowish  gritty  chalk  are 
known  as  "  Beer  stone,"  and  are  24  feet  thick.  The  over- 
lying beds  contain  numerous  lines  of  flints,  and  are  about 
75  feet  thick ;  at  the  top  is  a  layer  of  hard  nodules  which 
seem  to  represent  the  Chalk  rock.  Here,  then,  the  Middle 
Chalk  is  only  100  feet  thick.  In  Wiltshire  the  beds  are 
similar  to  those  of  the  Isle  of  Wight,  but  not  so  thick. 

Upper  Chalk. — In  the  Isle  of  Wight  the  composition 
of  this  division  is  similar  to  that  of  the  Kentish  Upper 
Chalk,  but  includes  higher  beds  than  are  there  found. 

The  zone  of  Micraster  cortestudinarium  has  a  thin  layer 
of  black  clay  at  the  base,  which  forms  a  clear  line  of  divi- 
sion between  the  Middle  and  Lower  Chalk.  Above  is 
rough  yellowish  chalk,  consisting  *  of  hard  nodular  lumps 
embedded  in  a  softer  matrix.  Echinoderms  are  very  com- 
mon, especially  Micrastera,  Ananchytes  ovaiusy  and  Holasler 
planus.     Its  thickness  is  about  60  feet. 

The  mass  of  the  overlying  chalk  with  flints  is  placed  by 
Dr.  Barrois  in  the  zone  of  Micraster  coranguinum,  but  he 
then  included  the  Margate  chalk  with  Maraupites  in  that 
zone,^  and  he  indicates  a  band  of  flintless  chalk  in  the 
position  of  the  latter  zone  at  Arreton  Down.  Thickness 
perhaps  500  feet. 

The  highest  chalk  of  the  Isle  of  Wight  is  soft  and  white, 
with  large  flint  nodules ;  BelemniieUa  mucronaia  and  Magas 
pumUus  are  common  fossils.  This  zone  is  over  200  feet 
thick. 

These  zones  have  been  traced  through  Dorsetshire  by 
Dr.  Barrois,  who  foimd  them  all  developed  near  Dor- 
chester, but  thinner  than  in  the  Isle  of  Wight.  At  Beer 
Head  in  Devon,  the  zone  of  If.  cortestudinarium  is  not  more 
than  30  feet  thick,  and  is  overlain  by  a  portion  of  the 
coranguinum  zone  (30  teet  seen). 

In  Wiltshire  there  is  about  300  feet  of  Upper  Chalk. 

^  **  Annal.  Sciences  Geol./'  1875 ;  see  also  "  Recherches  sor  le  Terr. 
Cret.  Sap^ieur/'  p.  107. 
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3.  Midland  District, 

As  the  beds  of  the  Upper  Cretaceous  series  are  traced 
northward  from  the  Vale  of  Pewsey  through  the  counties  of 
Berks,  Oxon,  Bucks,  Beds,  and  Cambs,  important  changes 
take  place  in  the  lower  part  of  the  series,  though  the  zonal 
divisions  of  the  Chalk  above  are  maintained  with  little 
alteration.  The  escarpment  of  the  Chalk  forms  a  prominent 
physical  feature,  forming  the  front  of  the  Marlborough  and 
Lajnboum  Downs  on  the  west  side  of  the  Thames  Valley 
and  the  Chiltem  Hills  on  the  eastern  side.  The  bold  out- 
lines of  the  frontal  spurs  and  ridges  of  these  hills  is  doubt- 
less due  to  the  hardness  of  the  Chalk  rock  and  the  nodular 
chalk  above  it,  as  these  beds  invariably  form  the  capping  of 
such  ridges. 

Gault  and  Upper  Greensand. — The  Ckuilt  forms  a 
continuous  band  of  low-lying  clay  land  throughout  the  dis- 
trict, and  in  Bucks,  Bedford,  and  Cambridge  it  occupies 
the  greater  part  of  the  plain  which  intervenes  between  the 
escarpments  of  the  Chalk  and  the  Lower  Q-reensand.  Little 
is  yet  known  of  its  composition,  except  in  the  counties  just 
mentioned.  It  appears  to  attain  its  greatest  thickness  in 
Bucks,  where  the  following  horizons  can  be  recognized.' 

5.  Bluish  micaceous  clays "^ 

4.  Pale  grey  calcareous  clay I  Upper  Gault. 

3.  Layer  of  phosphate  nodules  mixed  with  glauconite  f      80  feet, 
grains ) 

2.  Stiff  dark  blue  clays I  Lower  Gault 

1.  Slate-coloured  clay,  with  layers  of  nodules  near  the  >       ,  g^  -         * 
base        .........) 

The  fossils  in  No.  1  are  a  mixture  of  species  elsewhere 
characterizing  Upper  and  Lower  Oault,  Am.  rostratus  and 
cristatus  occurring  with  Am.  lautua  and  interruptus,  Inoce- 
roumua  sulcatus  with  J.  concentricvs ;  Belemnites  7ninimu^  is 
very  abundant.  Li  the  upper  nodule  bed,  however,  the 
fossils  are  all  of  Upper  Gault  species,  viz.  Am.  rostratus,  A. 
splendens,  A.raulinianus,  Terebratula  hiplicaia,  &iid  Avicula 
gryphceoides — the  same  Avicula  is  the  principal  fossil  in  the 
uppermost  clays. 


• 


'   Vide  Jukes  Browne  in  "  Quart.  Joum.  Geol.  Soc.,"  rol.  xxxi.  p.  265, 
and  <*  Mems.  Geol.  Survey,  Explan.  of  Sh.  46.^ 
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Traced  to  the  north-east,  the  Lower  Gnult  thickens  to 
200  feet,  but  the  Upper  Gkiult  is  cut  out  gradually  by 
erosion,  and  the  fossils  of  the  nodule  bed  (No.  8)  are  found 
washed  out  and  remaniea  at  the  base  of  the  Chalk  marl  in 
Bedford  and  Cambridge.  In  Cambridge,  too,  the  Lower 
Oault  becomes  rapidly  thinner,  and  finally  dies  out  near 
Ghiyton  in  West  Norfolk  ;  this  disappearance  however  may 
be  partly  due  to  the  overlap  of  the  Chalk  marl. 

The  Upper  Oreensand  in  Wilts  and  Berks  consists  of  two 
members — (1)  hard  calcareous  firestone,  with  Holaster 
Uevis,  6  feet ;  (2)  soft  green  glauconitic  sand  (30  feet), 
with  few  fossils  except  at  the  top,  where  it  passes  into 
Chalk  marl.  Li  Oxford  and  Bucks  the  green  sands  gra- 
dually thin  out,  and  are  lost  altogether  near  Tring;  the 
firestone  is  absent,  and  the  mass  of  the  rock  mapped  as 
Upper  Greensand  by  the  G^eological  Survey  consists  of 
a  tough,  grey,  micaceous  marlstone  or  malm.  This  cal- 
careous stone  contains  few  fossils  but  Avicula  gryphoeoides 
and  Am.  auritus ;  it  passes  down  into  Upper  Gault,  and  a 
revision  of  this  area  will  probably  result  in  its  being  classed 
with  the  Qnult  rather  than  with  the  true  Upper  Greensand. 

Lo'wer  Chalk. — The  following  is  the  constitution  of 
this  division  all  along  its  outcrop  north-east  of  the  Thames 

Valley : — 

Feet. 
5.  Soft  grey  shaly  marl,  inclosing  a  band  of  hard  white 

chalk  ;  Belemnitella  plena 3  to    5 

4.  Tough  blocky  chalk,  without  distinct  bedding ;  HoUuter 

guSfflobosuSy  Am,  rotomagengis 60  to  80 

3.  Tottemhoe  stone,  hard  grey  sandy  chalk ;  Rhynch.  man- 

UUiana,  Lima  echinaia,  Kingena  lima^  Pectenfiasicosta, 

&c.,  &c 2  to  20 

2.  Soft  marls,  with  occasional  layers  of  hard  marly  rock  in 

Oxford  and  Bucks ;  Am,  varians,  Rhynch.  Martini^  Ino- 

eeramus  lotus 60  to  80 

1.  Marl   with  green  grains,  passing  into  the  nodule  bed 

known  as  Cambridge  Oreensand 1  to    2 

The  Cambridge  Greensand  commences  near  Barton-le- 
Clay  (north  of  Luton),  to  which  locality  the  nodule  bed  in 
the  Gault  has  been  traced,  and  there  can  be  little  doubt 
that  all  the  nodules  and  fossils  preserved  in  phosphate 
which  occur  in  the  Cambridge  Greensand  have  been  derived 
from  the  erosion  and  destruction  of  the  Upper  G^ult  in 


414  NEOZOIC   BOCKS.  [PABT  T. 

that  area.  This  derived  fauna  comprises  some  210  species 
of  Invertebrata,  but  about  eighty  of  these  have  npt  yet  been 
recognized  elsewhere  in  England  ;  out  of  the  remaining  130 
no  less  than  114  occur  in  the  G^ult  of  Folkestone,  between 
eighty  and  ninety  (including  nearly  all  the  commoner 
fossils)  occurring  in  the  Upper  Quult ;  the  commonest  Am- 
monites are  Am,  rostratua,  and  the  varieties  of  Am.  aurihu, 
Avicula  gryphceoides,  TerehrcUula  biplicaia,  and  Plicatula 
pectenoides  are  also  abundant;  Bhynchonella  sulcata,  so 
common  at  Cambridge,  has  not  yet  been  recorded  from  the 
Gault  in  England. 

The  Vertebrate  faxma  of  the  Cambridge  Greensand  is 
very  remarkable,  the  remains  of  many  species  of  Ichthyo- 
saurs,  Plesiosaiirs,  Dinosaurs,  Chelonians,  and  Pterodac- 
tyles  having  been  found,  together  with  bones  belonging  to 
a  bird  (Enaliomia),  Most  of  these  bones  have  doubtless 
been  washed  out  of  the  G^ult,  but  some  may  be  Chalk  Marl 
forms,  and  it  is  difficult  to  separate  them. 

In  the  marly  matrix  of  the  Cambridge  Greensand  are 
VermictUaria  ti/nibonata,  Discaidea  svhucula,  Micrahacia 
carantda,  RhynchoneUa  lineolaia,  Kingena  lima,  and  Tere^ 
bratulina  ManguUms,  most  of  which  occur  also  in  the  Chalk 
marl  above. 

Another  speciality  of  this  district  is  the  Totte^mhoe  stone, 
so  named  from  a  place  near  Dunstable,  whjere  it  is  20 
feet  thick,  and  is  quarried  for  building  purposses.  It  varies 
rapidly,  however,  in  thickness,  and  is  sometime|^  represented 
by  two  beds  of  sandy  stone,  with  chalk  marl  bl^etween  them. 
At  its  base  there  is  usually  a  layer  of  green^r-coated  phos- 
phatic  nodules,  and  small  fragments  of  phosp'.liate  are  com- 
mon in  the  stone  above.  ^} 

This  Tottemhoe  stone  forms  the  base  of  t  the  Holaster 
8uhglobo8U8  zone,  and  that  fossil  is  occasiona>Yily  found  in  it, 
as  are  also  Am,  rotomagensU  and  Am.  cenomcU^menns,  though 
they  are  much  more  common  in  the  chal^  k  above.  The 
Hoi.  aiibglobosus  zone  consists  of  grey  chalk  in;^  the  lower  part, 
and  whitish  chalk  in  the  upper  part ;  its  th^^ckness  appears 
to  vary,  as  if  it  had  suffered  from  contempoap^raneous  erosion 
during  the  deposition  of  the  shaly  marl  whi    ich  overlies  it.^ 

*  See  Hill  and  Jokes-Browne  in  <<  Quart.  JooTr  "n  GeoL  Soc,"  toL 
xlii.  p.  216.  r 


■\ 
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Middle  Chalk. — The  zones  of  this  division  exhibit  the 
same  lithological  and  palseontological  characters  as  in  the 
areas  previously  described.    Its  thickness  is  about  220  feet. 

The  Melboum  rock  at  the  base  is  about  ten  feet  thick, 
and  consists  of  very  hard  nodular  rock,  which  is  locally 
known  as  "  rag."  It  passes  up  into  hard  chalk  with  Inoce- 
rwmue  mytUoides  and  RhynchoneUa  Cuvieri, 

The  central  part  consists  of  soft  white  chalk,  with  occa- 
sional nodules  of  flint  and  layers  of  grey  marl.  It  contains 
CMerites  svhrotundys,  SpondyVus  epinoetis,  and  Terebratu- 
Una  gracilis. 

The  highest  portion  holds  Holaster  planus^  and  is  crowned 
by  the  hard  yellowish  rock  which  has  been  called  "  Chalk 
rock  "  by  Mr.  Whitaker.  In  Oxford  and  Bucks  there  are 
at  least  two  beds  of  such  rock,  and  it  is  the  lowest  of  these 
which  forms  the  top  of  the  Middle  Chalk.  This  lower  rock 
always  contains  green-coated  nodules  and  green  glauconite 
grains,  and  in  it  Ammonites  prosperianus,  ScaphUes  GetnOei, 
Turbo  gemmaius,  and  many  other  Gasteropoda  are  found. 

Upper  Chalk. — Only  the  lower  part  of  this  division  is 
accessible  near  the  Chalk  escarpment,  for  the  higher  beds 
are  hidden  by  later  deposits  (Eocene  and  drift). 

The  glauconitic  "  chalk  rock "  above  mentioned  is  suc- 
ceeded by  loose  nodular  chalk  like  that  of  Dover,  and 
generally  full  of  Micrader  cortestudinarium ;  this  is  15  or 
20  feet  thick,  and  is  sometimes  capped  by  a  second  bed 
of  chalk  rock,  which,  however,  has  no  green  grains.  Above 
this  is  chalk  with  frequent  lines  of  black  flints,  and  occa- 
sional nodular  beds  for  about  50  feet. 

This  is  succeeded  by  chalk  tnth  both  nodules  and  floors 
of  flint,  in  which  fossils  are  scarce,  but  which  may  be 
referred  to  the  zone  of  If.  coranguinum. 


4.  Northern  District, 

This  district  includes  the  northern  part  of  Norfolk,  Lin- 
colnshire, and  Yorkshire.  The  whole  series  has  undergone 
considerable  changes,  both  in  its  lithology  and  pals&ontology, 
before  it  reaches  Lincolnshire,  and  as  the  connecting  area 
in  Norfolk  has  not  yet  been  thoroughly  examined,  the  cor- 
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relations  which  have  been  made  between  the  Northern  and 
Midland  types  may  eventually  require  modification.  The 
escarpment  of  the  Chalk  forms  the  western  edge  of  the 
Lincolnshire  and  Yorkshire  Wolds,  and  the  manner  in 
which  its  base  passes  transgressively  over  the  Jurassic 
outcrops  has  been  indicated  on  p.  384.  In  Yorkshire  the 
strike  of  the  beds  changes  from  N.N.E.  to  north,  and 
finally  curves  round  to  the  west,  and  the  escarpment  runs 
along  the  south  side  of  the  Yale  of  Pickering  to  the  coast 
between  Speeton  Gap  and  Flamborough  Head. 

Red  Chalk. — The  Gault,  Upper  Greensand,  Chloritic 
marl,  and  Chalk  marl  are  all  absent  in  this  district,  and 
their  place  is  taken  in  the  Hunstanton  cliffs  by  four  feet  of 
hard  red  and  pink  chalk.  This  band  of  red  chalk  has  been 
referred  to  all  and  each  of  the  absent  stages  by  different 
authors,  to  the  Gault  by  Mr.  Wiltshire,*  to  ihe  Upper 
Gault  alone  by  Dr.  Barrois,^  to  the  Upper  Greensand  by 
Professor  Seeley,'  and  to  the  Chalk  marl  by  Mr.  Whitaker,* 
but  probably  the  supposition  that  it  represents  all  of  than 
is  nearer  the  truth,  in  the  sense  that  its  materials  were 
accumulated  very  slowly,  over  a  tract  of  the  sea-bottom, 
where  for  some  reason  or  other  no  fine  argillaceous  or  cal- 
careous matter  was  deposited,  though  such  deposits  were 
being  formed  contemporaneously  further  south.  This  view 
is  borne  out  by  the  fact  that  the  Bed  Chalk  is  divisible  into 
three  distinct  portions  or  beds,  the  lowest  of  which  contains 
a  majority  of  Gault  fossils,  and  the  uppermost  contains 
only  Chalk  marl  species,  as  below : — 

3.  Pink  chalk,  with  Inocerami.       ^ 
2.  Reddish  chalk,  with  many  BeUmnites  minimus, 
1.  Brick-red  chalk,  with  Terebratvla  biplicatay  Am,  roatrtUus,  Am,  awrUw, 
Cidaris  Gaultina, 

A  similar  succession  is  found  in  Lincolnshire,  where  the 
thickness  is  about  10  feet,  and  the  lower  beds  in  both 
counties  contain  numerous  small  pebbles  of  quartz,  but  at 
Speeton  in  Yorkshire,  where  it  rests  on  clays,  such  pebbles 
do  not  occur. 

^  "  Quart.  Joum.  Geol.  SocJ*  voL  :^v.  p.  185. 

*  "  Recherches  sur  le  Terr.  Cret.  Svip.,"  P.  157. 

>  •*  Ann.  Mag.  Nat  Hist,'*  Ser.  3,  itoI.  tu.  p.  233. 

*  "  Proc.  Norwich  Geol.  Soc.,"  parft  vii. 
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At  Speeton,  moreover,  it  is  represented  by  a  red  marl 
some  30  feet  tibick,  which  is  quite  different  troin  the  hard 
gritty  rock  of  Himstanton.  No  Ammonites  have  been 
found  in  it,  and  its  fossils  appear  to  be  those  which  charac- 
terize the  two  upper  beds  of  the  Hunstanton  rock. 

Loiver  Chalk. — ^In  Lincolnshire  this  consists  of  the 
following  beds,  as  seen  near  Louth : — 

Feet. 

6.  Band  of  variegated  marl,  grey,  red,  and  purple         .        .        .  2^ 

5.  Hard  white  chalk,  with  thin  seam  of  red  marl  below                 .  2 
4.  Hard  grejrish  chalk,  with  two  bands  of  pink  chalk  from  5  to  7 

feet  thick 32 

3.  Hard  grey  chalk,  rongh  and  nodnlar 30 

2.  Hard  grey  gritty  stone,  fiiU  of  fragments  of  Inoceramus    .  5 

1.  Hard  nodular  chalk,  with  yellow  and  pink  stains      .        .        .  1^ 

73 

Bed  1  forms  a  kind  of  passage  into  the  red  rock  below ; 
it  often  exhibits  the  branching  structureless  masses  which 
are  known  as  Sjpongia  paradoxica.  The  hard  grey  stone  (2) 
and  the  beds  just  above  it  contain  many  of  the  fossils 
which  are  found  in  the  Tottemhoe  stone;  Holaster  stfh- 
globomis  and  IHscoidea  cylindrica  are  common  through- 
out 3,  and  occur  also  in  4,  and  it  is  clear  that  these  three 
members  (2,  3,  4)  represent  the  zone  of  Holagter  svhglo' 
ho8U8.  Nos.  5  and  6  probably  correspond  to  the  marl  with 
BelemnUeUa  plena,  though  that  fossil  has  not  yet  been 
f  oimd  in  Lincolnshire. 

The  lower  half  of  the  above  section  can  be  seen  also  in 
the  Hunstanton  cliffs.  At  Speeton  the  section  is  rather 
different,  and  is  obscured  by  talus,  so  that  observers  differ 
with  regard  to  the  real  sequence  of  the  beds  seen. 

Middle  Chalk. — ^There  is  no  locality  yet  known  where 
the  whole  of  this  can  be  examined,  but  the  Melboum  rock 
has  recently  been  found  in  Norfolk,  succeeded  by  the  zone 
of  Rh.  Owoieriy  which  is  overlain  by  a  considerable  thick- 
ness of  white  chalk  with  Oaleritee  aubrotundus ;  the  highest 
beds  of  the  division  have  not  yet  been  examined.  In  Lin- 
colnshire the  lower  beds  are  easily  studied  near  Louth, 
where  above  the  variegated  marl  we  find  15  feet  of  hard 
whitish  and  yellowish  chalk  in  thick  beds  with  partings  of 
grey  shale ;  Inoeeramus  mytiloides  is  here  abimdant,  and  this 

II.  E  E 


quarries  in  chalk  which  may  lie 
The  greater  part  of  this  (60  to  7 
contajns  Terebratulina  gracilis  i 
so  there  can  be  no  doubt  of  its  T 
there  is  chalk  with  frequent  ba 
Barrois  found  Holaster  planus, 
cliffs  of  North  Sea  near  Flambo: 
so  hard  that  fossils  cannot  be  ext 
Upper   Chalk. — This  divisioi 
and  Yorkshire ;  but  in  neither  c 
of  the  Chalk  rock  been  di8covere( 
yet  been  clearly  defined ;  neither 
Micrasters  be  separated. 

Chalk,  with  Micraster  corangu\ 
indicated  by  Dr.  Barrois  (op.  cit., 
and  Bumham  Overy,  while  at  We 
chalk  with  very  few  flints,  which  1 
zone ;  the  Norwich  chalk  belongs 
teUa  mucronata,  and  has  long  b 
1  which  include  B,  mucronata,  Ter 

i  octoplicaia.   Mangos  pumilus,  Pect 

1  laxa,  and  many  others.     A  well 

through  1,050  feet  of  chalk  with  fl 
and  102  of  hard  chalk  below.     At 
beds  occur,  which  are  probably  the 
are  characterized  by  Ostrea  lunaia, 
Trochosmilia  comucopice,  and  ooni 


CHAP.  X.]  CRETACEOUS   SYSTEM.  419 

Barrois  and  Mr.  J.  F.  Blake,  whose  accounts  agree  very 
closely;  they  describe  it  as  broadly  divisible  into  two 
portions : — 

2.  Zone  of  MarsupUes — soft  white  chalk  without  flints ; 
Marsupites  omattis,  M,  Uemgattis,  Belemnitea  vera, 
and  Bel,  quadrata,  Scaphites  hinodosus,  8c,  com- 
pre89U8,  Hamites  cylindHcus. 

1.  Zone  of  Micrasters — white  chalk  with  layers  of  flint. 

The  chalk  with  Micrasters  represents  the  two  southern 
zones  of  M,  cortestudinarium  and  M.  coranguinum,  both  of 
which  occur  in  it,  together  with  Ancmchytes  ovattis  and 
TerebrattUa  camea.  The  chalk  with  MarsupUes  is  best 
seen  at  Dane's  Dyke,  south  of  Flamborough  Head,  where 
it  is  full  of  the  characteristic  fossils.  It  is  divisible  into  a 
lower  portion  in  which  Marsvpites  abound,  but  sponges  are 
rare,  and  an  upper  portion  in  which  Marsvpites  are  less 
common  and  sponges  are  very  abundant,  Jerea,  Ventri- 
cidUes,  CaptdospoTigia,  Vermcospongia,  and  Codoptychium 
being  the  principal  genera. 

Dr.  Barrois  points  out  the  close  correspondence  between 
the  zone  of  MarsupUes  in  Yorkshire  and  the  zone  of  Belem- 
nUella  quadraia  in  Germany,  where  the  same  fossils  occur. 

The  N(»rwich  chalk  or  zone  of  Bel,  mucronata  does  not 
appear  to  be  present,  or  at  any  rate  exposed  to  view. 


5.  Ireland. 

Upper  Cretaceous  rocks  appear  nearly  everywhere  round 
the  edge  of  the  great  basaltic  plateau  of  Antrim,  Tyrone, 
and  Londonderry,  and  we  may  therefore  safely  infer  that 
they  underlie  the  greater  portion  of  it.  It  is  also  dear 
that  they  once  extended  much  farther  westward  than  the 
present  edge  of  that  plateau,  as  is  proved  by  a  small  outlier 
near  Draperstown.  They  usually  rest  on  a  planed  down 
surface  of  Liassic  or  Triassic  rocks,  but  sometimes  overstep 
the  limits  of  these,  as  in  north-east  Antrim,  and  rest  upon 
the  Palaeozoic  rocks  (see  fig.  105). 

The  Irish  series  is  divisible  into  two  groups  of  different 
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White 
limestone. 


lithological  character :  (1)  the  Hibernian  Q-reensand ; 
(2)  the  Chalk  or  White  Limestone.  The  first  is  similar  in 
general  aspect  to  our  Upper  Greensand,  but  represents  the 
whole  of  the  Lower  Chalk  and  perhaps  part  of  the  Middle ; 
the  upper  group  rests  on  an  eroded  suAace  of  the  Lower, 
and  is  equivalent  to  the  higher  part  of  the  Upper  Chalk  or 
Senonien. 

The  most  complete  section,  at  Colin  G-len  near  Belfast, 
is  given  below : — 

Feet. 
6.  Hard  white  chalk  with  many  flints ;  BeUmniUlla 
mucranaiay  Ananchytea  avatui,  Bhync.  octo- 

plieata 30 

6.  Hara  white  chalk  with  few  flints,  BeUmmtella 
THUcranata,  Marmpitea  omatuSy  Galeritea 
conicua 2} 

4.  Hard  chalk  with  green  g^rains  and  quartz 
pebbles;  Crtderites  conicus,  Micraster  cor- 
anguinumt  and  Ventriculites       .        .        .        2} 

'3.  Green  sands  and  sandstones ;  Oatrea  colwmba^ 
Galeritea  aubrotundua,  Rhynehonella  Cuvieriy 
R,  limbaia,  Cidaria  aubveaiculosua,  Orbitolima 
concava 17 

5.  Yellowish  calcareous  sandstones,  Oatrea  carimatay 
Holaater  aubglohoauay  Diacoidea  subuculuay 
Micrabacia  corontUa 34 

1.  Dark  green  glauoonitic  sands  with  phosphate 
nodules;  Pecten  aapcTf  Oair,  conica.  Am, 
variansy  and  Bel,  vltimua    ....        9 

There  seems  little  doubt  that  bed  No.  1  belongs  to  the 
zone  of  Pecten  asper ;  No.  2  represents  the  Chalk  marl,  and 
perhaps  part  of  the  overlying  zone  of  Holaater  euhglohoaus. 
The  correlation  of  No.  3  is  more  difficult ;  by  position  it 
should  belong  to  the  upper  part  of  the  Lower  Chalk,  and 
Professor  Tate  regards  it  as  such.  Dr.  Barrois  considers 
the  fossils  to  be  more  of  a  Turonien  assemblage,  but  I  do 
not  think  it  can  be  placed  higher  than  the  zones  of  Bhynch. 
Ciivieri  and  Terehratulina  gracUiSy  and  there  is  nothing  to 
represent  the  zone  of  Holaater  planus  or  the  Chalk  rock ; 
No.  4  appears  to  be  the  exceedingly  reduced  representative 
of  the  chalk  with  Micrasters  which  is  so  thick  in  England ; 
Nos.  5  and  6  may  be  correlated  with  the  MarsupUe  and 
BelemniteUa  zones  respectively. 

In  the  north-east  of  the  county  (White  Head  and  White 
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Park  Bay)  much  more  of  the  white  chalk  with  Bel.  mucro- 
naia  is  exposed,  90  feet  being  visible,  according  to  Dr. 
Barrois. 

6.  Scotland, 

Cretaceous  rocks  have  only  yet  been  discovered  in  one 
part  of  Scotland,  namely,  in  the  island  of  Mull,  and  in  the 
district  of  Morvem  on  the  adjacent  mainland ;  as  in  Ireland 
they  belong  exclusively  to  the  upper  divisipn  of  the  system, 
and  though  they  can  be  correlated  generally  with  the  Irish 
series,  they  exhibit  a  still  more  abnormal  f  acies,  and  a  more 
decided  approach  to  littoral  conditions. 

The  characters  and  relations  of  the  Cretaceous  beds  can 
be  ascertained  best  in  Morvem  (see  fig.  67),  along  the 
shores  of  Loch  Aline,  and  beneath  the  singiilar  outlying 
masses  of  Beinn-y-Hun  and  Beinn-y-E[attan.    The  gener^ 

succession  here  is  given  below :  ^ — 

Feet. 

4.  Sandstones  and  white  marls  with  plant  remains  (hig^h  Cretaceous 

or  early  Eocene) 20 

3.  White  indurated  chalk  with  bands  of  flints,  BelenmiteUa  mucro- 
natay  and  fragments  of  Inoceramus;  some  beds  of  glauconitic 
chalk  at  the  base 10 

2.  White  sandstones  without  fossils,  but  containing  a  thin  seam  of 
coal 30  to  100 

1.  Glauoonite  sands,  passing  sometimes  into  dark  green  argil- 
laceous  sand,  sometimes  into  calcareous  sandstone;  Pecten 
€L&peTy  P.  orhvcfdixriSy  Exogyra  conica,  but  no  Ammonites 
found .      20  to  60 

On  comparing  these  beds  with  those  of  Antrim,  we  may 
safely  regard  No.  1  as  equivalent  to  Nos.  1  and  2  of  the 
Hibernian  Greensand,  but  the  absence  of  AmmanUes  and 
Belemniies  in  the  Scotch  beds  is  noteworthy  as  indicating 
the  shallowness  of  the  water  in  which  they  were  deposited. 

The  overlying  white  sandstones  (No.  2)  would  appear  to 
be  homotaxLaJ  with  the  zone  of  Ostrea  coltmiha  in  Ireland, 
whatever  the  precise  age  of  that  may  be.  Above  it  there  is 
a  paleeontological  break,  though  apparently  no  unconfor- 
mity, and  the  hard  white  chalk  corresponds  closely  to  that 
of  Ireland,  except  that  there  is  no  sign  of  the  Micraster 
zone  at  its  base. 

*  J.  W.  Judd,  •*  Quart.  Joum.  Geol.  Soc.,"  vol.  kxxiv.  p.  729. 
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As  shown  in  fig.  67,  the  Greensands  rest  sometimes  on 
the  Lias,  and  sometimes  on  the  Trias,  and  sometimes  over- 
lap both  on  to  the  metamorphic  rooks  which  support  the 
whole  Secondary  series.  Occasionallj,  as  at  Gribun,  in 
Mull,  the  base  of  the  Greensand  consists  of  pebble  beds 
derived  from  the  waste  of  the  Triassic  rocks. 


7.   Upper  Cretaceous  Series  of  France, 

The  Cretaceous  rocks  of  the  Paris  basin  closely  resemble 
those  of  England,  and  were  evidently  deposited  in  the  same 
life-province,  but  those  of  the  west  and  south  of  France 
belong  to  a  different  area  of  deposition,  and  exhibit  quite  a 
different  type.  Space  will  not  allow  of  my  describing  both, 
and  the  following  rSsume  relates  only  to  the  northern  dis- 
tricts, for  which  the  chief  authorities  are  Professor  HAert 
and  Dr.  Barrois. 

Albien. — French  geologists  attach  the  zone  of  Ammo- 
nites ma/mmiUaris  to  this  division  rather  than  to  the  Aptien. 
Above  it  are  clays  like  those  of  our  Lower  Gault,  and  Bar- 
rois divides  these  into  two  zones,  (1)  of  Am.  interruptus, 
(2)  of  Epiuster  Bicord-eantis, 

Cenomanien. — The  equivalent  of  our  Upper  Gault 
(the  zone  of  Am.  inflatus)  is  placed  at  the  base  of  this  stage 
(see  p.  397),  which  thus  comprises  the  following  zones : — 

5.  Marl,  with  Belemnitella  plena, 

4.  Chalk,  with  Holaster  subgUbotus, 

3.  Marl,  with  Am,  variana  and  I^r,  costatua. 

2.  Greensand,  with  Pecten  aaper, 

1.  Clay  or  *'  gaize,"  with  Am,  inflatus, 

Turonien. — The  constitution  of  this  stage  is  similar  to 
that  of  the  English  Middle  Chalk,  and  Dr.  Barrois  foimd 
that  the  zones  established  in  the  Turonien  of  France,  viz., 
(1)  zone  of  Inoceramus  lahiatus  (  =  J.  mytUoides),  (2)  zone  of 
Terebraiulina  gra^nlis,  (3)  zone  of  Holaster  plantis,  were  the 
same  on  both  sides  of  the  English  Channel.  Another  zone 
(characterized  by  Micraster  hrevis)  sometimes  occurs  above 
that  of  H,  planus,  and  Dr.  Barrois  attaches  this  to  the  Turo- 
nien, but  Professor.  H^rt  places  it  at  the  base  of  the 
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Senonien.     In  the  Ardennes  region  the  H.  planus  zone 
occurs  in  the  form  of  Chalk  rock. 

Senonien. — If  the  Micraster  hrevis  zone  is  regarded  as 
Turonien,  the  Senonien  will  comprise  the  following  zones : — 

Anise  k  {  z.  a  Belemnitdla  mucromUa, 

Belemnitelles.    |  z.  a  BelemniteUa  quadrata, 

Assiflei  1  «.  k  Aforwpi^M. 

Micrasters         "S  *.  Ji  Micraster  coranguvmm, 

(  z.  a  Micraster  cortestudinarium. 

Danien. — This,  in  France,  consists  of  two  well-marked 
subdivisions : — 

2.  Pisolitic  limestone. 
1.  Chalk,  with  BaculUes. 

The  Pisolitic  limestone  is  of  a  yellowish  colour,  and  rests 
on  an  eroded  sur&.ce  of  the  imderljing  chalk,  and  the 
majority  of  its  fossils  are  more  alli^  to  Eocene  than  to 
Cretaceous  species ;  the  only  Cephalopod  is  Nautilus  Do- 
nicus.  In  Belgium  the  grey  chalk  of  Ciply,  containing 
BaculUes  Faujasi,  BelemniteUa  mucronattts,  BadiolUes  dp- 
lycmus,  &c.,  rests  unconformably  upon  the  Senonien,  and  is 
surmounted  by  the  yellow  limestone  of  Maestricht,  which 
contains  Ostrea  lunata,  Hemipneustes  radiatus,  with  species 
of  Volutay  Fasdolaria,  Ac. 

In  Denpiark  this  stage  consists  of  (1)  the  chalk  of  Salt- 
holm,  (2)  the  yellow  limestone  of  Faxoe ;  part  of  the  latter 
is  largely  composed  of  corals,  with  which  are  many  Qustero- 
pods  belonging  to  the  genera  Cyprceay  Oliva,  MUra,  Ceri- 
thium,  Fusus,  Trochus,  &c.,  and  Cephalopoda  including 
BaculUes  Faujasi  and  Nautilus  Danicus. 

The  Danien  beds  everywhere  occupy  more  limited  areas 
than  the  mass  of  the  imderlying  chsdk,  probably  in  conse- 
quence of  their  having  been  deposited  during  upheaval 
over  limited  tracts  of  the  sea-bottom. 


Physical  Geoobaphy. 

Lower  Cretaceous  Time. — We  have  seen  that  at  the 
close  of  the  Jurassic  period  the  area  of  deposition  was 
limited  to  a  region  south  of  the  latitude  of  London  and  the 
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Vale  of  Wardour.  Everywhere  to  the  north  of  this  line 
there  is  a  gap  and  unconformity  between  the  Jurassic  and 
Cretaceous  rocks ;  and  we  may  conclude  that  the  greater 
part  of  the  British  area  was  then  in  the  condition  of  dry 
land.  The  areas  occupied  by  the  Palseozoic  rocks  formed 
hilly  and  mountainous  ground  as  they  do  now,  and  between 
these  districts  over  the  midland  coimties  of  England,  and 
over  the  space  now  occupied  by  the  Irish  Sea,  and  thence  by 
the  North  Channel  far  out  into  the  Atlantic,  spread  a 
fertile  lowland  district  formed  of  the  newly  emerged  Jurassic 
strata. 

It  was  only  in  the  southern  part  of  our  area  that  deposi- 
tion was  continuous  throughout  the  interval  which  else- 
where separates  the  Jtirassic  and  Cretaceous  systems ;  and 
here  an  extensive  series  of  freshwater  deposits  was  in  pro- 
oess  of  formation,  a  series  which  is  generally  spoken  of  as 
the  delta  of  a  great  river,  and  is  usually  compared  with  the 
deltas  of  rivers  like  the  Nile  and  Mississippi,  which  empty 
themselves  into  the  sea.  It  is  by  no  means  certain  how- 
ever that  the  area  occupied  by  the  Wealden  beds  was  the 
head  of  a  marine  gulf  or  bay,  for  it  is  dif&cult  to  see  in 
which  direction  it  could  have  communicated  with  the  open 
sea;  the  absence  of  Lower  Qrotaceous  deposits  over  Bel- 
gium and  the  north  of  France  points  to  the  existence  of 
land  on  the  east,  and  there  is  no  reason  to  suppose  that  the 
PalsBozoic  areas  of  Devon  and  Cornwall  were  then  separated 
from  those  of  north-western  France  by  anything  deeper 
than  the  valley  of  a  large  river.  Moreover,  the  delta  of  a 
large  river  entering  the  sea  is  generally,  if  not  invariably, 
composed  of  alternating  marine,  estuarine,  and  freshwater 
beds,  whereas  the  Wealden  series  is  entirely  of  freshwater 
origin;  hence  many  have  regarded  the  formation  as  a 
purely  lacustrine  one.^ 

Whether  the  Wealden  delta  was  the  result  of  more  than 
one  river,  and  whether  the  principal  river  came  from  the 
east  or  the  west,  are  also  matters  of  doubt.  It  is  probable, 
however,  that  one  or  more  rivers  did  drain  the  continental 
land  which  lay  to  the  west  of  Cornwall  and  Devon.    It  has 

»  See  S.  V.  Wood,  in  " PhU.  Mag.,**  8er.  4,  vol.  xxy.  p.  268:  C.  J. 
A.  Meyer,  "  Quart.  Joum.  Geol.  Soc.,"  vol.  xxviii.  p.  243  ;  and  Toplej, 
*'  Geology  of  the  Weald,  Mem.  Geol.  Sunrej,"  p.  324. 
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posited  (see  p.  391),  and  the  sea  of  which  it  formed  part 
stretched  eastward  into  Hanover,  but  was  probably  entirely 
cut  off  from  the  Wealden  lake  by  the  sub-Cretaceous  ridge 
of  Belgium  and  eastern  England. 

Betuming  to  the  southern  area,  we  find  proof  that  it 
sank  too  rapidly  for  deposition  to  keep  pace  with  sub- 
sidence, so  that  eventually  the  great  delta  was  overflowed 
by  the  sea,  and  a  marine  fauna  occupied  the  place  of  a 
freshwater  one.  The  marine  shells  in  the  uppermost 
Wealden  beds  of  the  Isle  of  Wight  show  that  the  sea 
had  already  invaded  the  area  of  the  delta,  but  the  final 
change  seems  to  have  taken  place  rather  suddenly,  pro- 
bably by  a  decided  subsidence,  so  that  a  large  part  of 
the  delta  became  the  bottom  of  a  shallow  tidal  sea  and  was 
invaded  by  a  number  of  new  marine  molluscs  ;  these  were 
chiefly  such  as  love  to  burrow  in  muddy  bottoms  (Pinna, 
Panopcea,  &c.),  and  their  shells  now  remain  at  the  base  of 
the  Atherfield  day,  embedded  in  the  same  vertical  position 
which  the  animals  took  up  when  they  burrowed  into  the 
soft  mud.  The  subsequent  varying  conditions  of  the  sea- 
bottom,  according  as  sand  or  mud  predominated,  and  the 
successive  appearance  of  various  kinds  of  molluscs  in  the 
Vectian  beds,  are  excellently  described  by  Professor  Forbes.* 
Higher  up  the  estuary,  that  is,  to  the  westward,  estuarine 
and  freshwater  conditions  would  of  course  prevail,  and  it  is 
not  surprising  therefore  to  find  such  an  interdigitation  of 
marine  and  Auviatile  deposits  as  the  Punfield  beds  present. 
If  the  south-westerly  continuation  of  these  beds  had  not 
been  destroyed,  we  might  have  been  able  to  trace  them 
into  a  region  where  the  whole  Lower  Cretaceous  series  was 
of  the  freshwater  Wealden  type. 

We  can  only  deal,  however,  with  the  eastern  part  of  the 
gulf,  and  with  the  gradual  extension  of  this  sea  over  the 
land  to  the  north.  It  will  be  remembered  that,  while  the 
lower  members  of  the  Lower  Greensand  are  confined  to  the 
extreme  south  of  England,  and  do  not  occur  beneath  the 
great  diagonal  escarpment  of  the  Chalk,  the  upper  members 
(Shanklin  sands)  are  more  or  less  continuous  all  across 
England  from  Dorset  to  Norfolk  ;  and,  further,  that  these 

^  "  Quart.  Joarn.  Geol.  Soc,"  voL  i.  p.  198 ;  quoted  in  Bristow's 
"  Geology  of  the  Isle  of  Wight,  Mem.  Geol  Supv.,"  p.  17. 
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sands  everywhere  exhibit  signs  of  rapid  accumulation  mider 
the  influence  of  strong  currents,  while  proofs  of  marineerosion 
are  found  in  the  frequent  layers  of  phosphatic  nodules  derived 
from  pre-ezistent  strata.  The  explanation  of  these  facts  is 
doubtless  to  be  found  in  the  partial  submergence  of  the 
barrier  which  separated  the  southern  and  northern  seas — 
the  ridge  which  extended  from  Belgium  through  the  east 
and  centre  of  England,  and  the  consequent  influx  of  a  strong 
current  through  the  passage  thus  established. 

The  width  and  height  of  this  ridge  must  have  been 
gradually  diminished  throughout  the  preceding  period, 
partly  by  subsidence,  and  partly  by  the  ceaseless  erosion 
of  the  sea — ^the  waves  of  the  Vectian  sea  were  constantly 
encroaching  upon  its  southern  coast,  while  those  of  the 
Speetonian  sea  were  making  similar  inroads  upon  its  nor- 
thern coast — till  at  length  these  two  seas  effected  a  junc- 
tion across  the  lowest  portion  of  the  barrier,  which  seems 
to  have  been  a  tract  between  our  modem  counties  of  Berk- 
shire and  Cambridgeshire.  The  communication  thus  esta- 
blished remained,  however,  for  some  time  in  the  condition  of 
a  strait  or  channel,  through  which  ran  a  strong  current 
from  the  north,  as  evidenced  by  the  prevalent  southerly 
dip  of  the  obliquely-laminated  sands  of  Beds  and  Bucks 
(see  p.  390).  The  entire  absence  of  Lower  Greensand  in  the 
borings  below  London  and  the  eastern  counties  leads  us  to 
conclude  that  this  portion  of  the  barrier  still  remained 
above  water  imtil  the  further  submergence  which  ushered 
in  the  days  of  the  Gault. 

As  to  the  width  of  what  may  be  called  the  "western 
channel"  we  have  no  direct  evidence,  but  the  frequent 
overlap  of  the  Lower  Greensand  by  the  Qault  favours  the 
supposition  that  the  former  never  extended  much  beyond 
its  present  line  of  outcrop,  and  that  the  western  coast  of 
the  channel  consisted  of  the  Upper  Jurassic  rocks;  the 
freshwater  beds  of  Oxfordshire  are  a  further  proof  of  the 
close  proximity  of  land,  and  may  be  regarded  as  indicating 
the  existence  of  a  river  which  traversed  the  western  low- 
lands, and  may  have  had  its  rise  in  the  mountains  of 
Wales. 

The  total  absence  of  any  Lower  Cretaceous  rocks  in 
L*eland  or  North  Britain  may  be  taken  as  evidence  that 
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terrestrial  conditions  prevailed  all  orer  the  western  and 
northern  part  of  our  area ;  the  modem  mountains  of  Scot- 
land  and  Ireland  are  but  the  ruined  remnants  of  lofty  ranges, 
which  must  then  have  towered  to  three  or  four  times  their 
present  height  above  the  sea,  and  from  these  mountain 
chains  there  must  have  flowed  a  thousand  rapid  streams, 
which  becoming  confluent  in  the  plains  produced  the 
mighty  river  that  emptied  itself  into  the  We^den  lake. 

Upper  CretaceouB  Time.-— We  have  now  to  chronicle 
the  phases  of  the  great  subsidence  which  commenced  at 
the  epoch  of  the  ^ult,  and  continued  throughout  the 
remainder  of  the  Cretaceous  period,  until  a  thickness  of 
some  1,300  feet  of  sediment  had  been  accumulated  over 
the  Lower  Greensand.  The  thicknees  of  the  Upper  Cretaceous 
sediments,  however,  as  compared  with  those  of  the  lower 
division,  is  no  criterion  of  tlie  relative  duration  of  the  two 
eras,  for  the  coarser  sediments  of  the  earlier  portion  of  the 
period  must  have  been  deposited  far  more  rapidly  than  the 
fine  materials  of  the  later  era.  Some  idea  of  the  time 
occupied  in  the  formation  of  the  Chalk  may  be  gained  if 
we  remember  that  the  accumulation  of  the  Atlantic  ooze — 
the  modem  analogue  of  the  Chalk — ^is  a  process  so  slow, 
that  it  is  doubtful  whether  a  foot's  thickness  of  it  is  de< 
posited  in  a  century ;  at  this  rate  1,000  feet  of  chalk  would 
require  100,000  years  for  its  formation,  and  if  we  assume 
that  chalk  was  accumulated  twice  as  rapidly  as  the  Atlantic 
ooBe  is  supposed  to  be,  the  figures  (50,000  years)  still  re- 
present an  enormous  length  of  time. 

The  first  result  of  the  great  subsidence  was  the  sub- 
mergence of  the  promontory  which  existed  on  the  site  of 
OUT  eastern  cotmties,  and  the  outspread  of  the  Qault  muds 
over  the  whole  of  soutb-eaatem  England ;  at  the  same 
time  the  western  shore  of  the  Cretaceous  sea  was  carried 
back  to  Devonshire,  and  doubtless  also  to  the  borders  of 
Wales,  though  subsequent  detrition  has  destroyed  all 
evidence  of  the  shore-line  north  of  Devon.  From  the 
present  disposition  of  the  Cretaceous  strata,  however,  we 
tan  hardly  avoid  the  conclusion  that  the  whole  of  central 
England,  and,  indeed,  the  whole  of  the  great  lowland  area 
described  on  p.  425,  was  once  more  converted  into  a  sea- 
bottom,  on  which  sandy  and  glauconitic  deposits  were  laid 
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by  an  ocean  which  seems  to  have  had  a  wide  latitudinal 
extension,  and  may  have  been  continuous  from  the  southern 
part  of  North  America,  across  the  Atlantic,  and  through 
Europe  into  Asia.  If  this  was  the  general  trend  and  extent 
of  the  Cretaceous  ocean,  we  may  reasonably  suppose  the 
lai^'r  land  areas  of  that  period  to  have  had  a  similar  trend, 
at  any  rate  in  the  northern  hemisphere,  and  to  have  spread 
from  east  to  west  rather  than  from  north  to  south  like  our 
present  continents.  It  is  probable,  therefore,  as  Professor 
Prestwich  suggested,^  that  a  great  northern  continent 
stretched  across  what  is  now  the  shallower  part  of  the  North 
Atlantic  Ocean,  between  Norway  and  Greenland,  forming  a 
barrier  which  excluded  the  colder  waters  of  the  Arctic  seas, 
and  allowed  the  Cretaceous  ocean  to  have  the  full  benefit  of 
the  warmer  currents  from  the  south. 

In  the  pisolitic  limestones  of  Belgium  and  Denmark  we 
have  proof  that  this  long  continued  period  of  submergence 
had  come  to  an  end,  and  that  a  reverse  movement  had  com- 
menced, which  ultimately  led  to  the  expulsion  of  the  Creta- 
ceous fauna  from  the  European  area,  and  the  introduction 
of  a  very  different  shallow- water  fauna,  namely,  that  of  the 
Eocene  seas. 


•  •*  Pre*.  Address  to  the  Geol.  Soc.,  1871,"  p.  Ixviii. 
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Hantohuh  Ststbv. 

AS  erplained  on  p^e  36,  the  serieB  into  which  Tertiary 
strata  are  Qsually  grouped  cannot  be  regarded  as  ars- 
temB  of  equivalent  palteontotogical  value  to  those  of  older 
dat«,  hot  the  lower  two  of  these  series  taken  together, 
namely,  the  Eocene  and  the  Oligocene,  maj  be  regarded 
as  forming  a  sjstem  for  which  the  name  Hantonian  has  been 
proposed. 

Both  Eocene  and  Oligocene  are  subdivided  into  Lower, 
Middle,  and  Upper  groups,  and  representatives  of  all 
these  except  of  tne  TTpper  Oligocene  are  found  in  Britain. 

Bange  and  SeUitwn  to  Bocks  below. 

We  cannot  doubt  that  during  the  elevation  which  took 
place  at  the  close  of  the  Cretaceous  period,  deposits  were 
formed  round  the  flanks  of  the  mountain  districts  as  they 
rose  above  the  waves, — deposits  which  would  be  inter- 
mediate in  age  between  the  highest  chalk  and  the  lowest  of 
the  British  Eocenes,  but  of  such  beds  not  a  scrap  remains, 
unless  it  be  the  marls  which  intervene  between  the  Chalk 
and  the  Basalts  of  Western  Scotland. 

The  lowest  Eocene  beds  of  England  rest  directly  upon 
the  Upper  Chalk,  which  donbtless  suffered  a  certain  amount 
of  erosion  before  they  were  deposited  ;  but  there  is  no  eri- 
dence  that  the  amount  of  chalk  removed  at  that  time  was 
very  lai^,  for  the  hollows  and  pipes  which  sometimes 
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occur  in  the  cliaik  beneath  the  Lower  Eocenes  appear  to 
have  been  formed  by  the  percolation  of  water  subse- 
quently to  the  deposition  of  the  latter.  The  two  geologists 
who  are  best  acquainted  with  the  Lower  Eocenes,  viz., 
Prestwich  and  Whitaker,  agree  in  thinking  that  the  mag- 
nitude of  the  stratigraphical  break  has  been  exaggerated. 
To  this  point  further  reference  is  made  below. 

The  moTements  which  have  regulated  the  geographical 
disposition  of  the  British  Cretaceous  rocks  affect  the 
Haiitonian  strata  also,  so  that  the  latter  come  to  occupy 
two  distinct  synclinal  areas  in  the  south-east  of  England, 
these  areas  being  separated  by  the  prolongation  of  the 
anticlinal  axes  of  the  Weald,  and  being  known  respectively 
as  the  London  Basin  and  the  Hampshire  Basin. 

A  glance  at  any  geological  map  will  show  the  extent  of 
the  Hantonian  beds  in  these  two  areas.  The  London  Basin 
extends  from  Hungerford,  in  Berks,  to  Reculvers,  in  Kent, 
and  its  northern  boundary  passes  from  Beading  through 
Bucks,  Essex,  and  Suffolk,  to  north  of  Yarmouth,  in  Nor- 
folk. Its  greatest  width,  along  the  east  coast,  is  about  90 
miles,  its  length  about  120 ;  but  this  is  less  than  half  its 
original  extent,  the  rest  of  the  basin  being  concealed  by  the 
waters  of  the  North  Sea.  The  Hampshire  Basin  is  much 
smaller,  and  lies  in  a  trough  between  the  anticlinal  axis  of 
Winchester  on  the  north,  and  the  monoclinal  of  Purbeck 
and  the  Isle  of  Wight  on  the  south,  and  its  extreme  width 
is,  therefore,  only  25  miles,  while  its  length  from  Dorchester 
to  near  Worthing,  in  Sussex,  is  about  90  miles,  with  an 
outlier  at  Newhaven  nearly  20  miles  fui*ther  east. 

To  the  west  a  small  outlying  tract  of  Eocene  occurs  in 
Devon  near  Bovey  Tracey. 

In  Ireland  freshwater  beds  of  Eocene  age  are  inter- 
stratified  with  the  great  sheets  of  basaltic  lava  which 
cover  so  large  an  area  in  Antrim  and  Deny.  In  Scotland 
a  similar  set  of  lavas,  also  with  intercalated  freshwater 
beds,  attains  a  great  thickness  in  the  islands  of  the  inner 
Hebrides  (Mull,  Skye,  Ac.) 

The  Oligocene  beds  are  confined  to  the  Hampshire 
basin ;  they  occupy  the  northern  part  of  the  Isle  of  Wight, 
and  a  small  area  in  Hampshire,  and  do  not  appear  ever  to 
have  extended  much  farther  northward. 

II.  F  F 
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In  dealing  with  the  deposits  of  this  system  we  shall*  as 
heretofore,  enumerate  the  principal  fossils  and  describe  the 
stratigraphy  of  each  series  separately. 


1.  Eocene  Series. 

The  labours  of  Prestwich,  Forbes,  Whitaker,  and  others 
have  made  us  acquainted  with  the  general  succession  of 
Eocene  strata,  but  their  classification,  which  is  adopted  by 
the  Q^eological  Survey,  includes  the  beds  now  separated  as 
Oligocene.  The  recognition  of  the  Oligocene  in  Britain  as 
a  distinct  series  has  necessitated  a  new  grouping,  and  it 
must  therefore  be  remembered  that  the  Eocene  as  now 
defined  and  limited  is  only  the  Lower  and  Middle  Eocene 
of  the  Geological  Survey  and  of  the  older  geologists.  The 
following  are  the  divisions  of  the  Eocene  series  now  recog- 
nized, with  their  maximum  thickness  in  the  two  basins :— 


London  Basin. 
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Life  of  the  Period, 

The  difference  between  the  fauna  of  the  Chalk  and  that 
of  the  Eocene  is  very  great  indeed,  for  only  one  species, 
and  that  is  a  Brachiopod  (TerebrcUula  striaia),  seems  to 
have  survived  the  change  of  conditions  in  Britain,  and  not 
only  so,  but  the  general  aspect  of  the  Eocene  fauna  is  quite 
different  from  that  of  the  Cretaceous.  The  great  Beptiles 
of  the  Secondary  rocks  have  disappeared,  and  with  them 
the  numerous  Cephalopods  which  are  so  characteristic  of 
the  Cretaceous  system — the  Ammonites,  Turrilites,  Bacu- 
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lites,  Scapliites,  Hamites,  Belemnites,  and  many  others ; 
vanished  also  are  the  Hippnrites,  Eadiolites,  and  Inocerami 
of  the  Chalk,  the  deep  sea  Yentriculites,  and  many  genera 
of  Echinoderms.  So  great  is  the  palseontological  break 
that  it  was  formerly  supposed  to  indicate  a  very  great 
stratigraphical  break  and  the  lapse  of  an  immense  period 
of  time ;  to  this  idea  even  Mr.  Etheridge,  in  his  recent 
Manual,  lends  his  authority,  going  so  far  as  to  say  that 
**  this  hiatus  doubtless  represents  one  of  the  greatest  breaks 
in  the  successive  deposition  or  sedimentation  of  the  British 
rocks,  if  not  in  the  history  of  the  eastern  hemisphere."  ^ 
The  tendency  of  modem  research,  however,  has  certainly 
been  to  diminish  the  importance  of  this  break,  both  from 
stratigraphical  and  paleeontological  points  of  view.  Even 
so  long  ago  as  1854  we  find  Professor  Prestwich  remarking, 
with  judgment  and  caution,  that,  ''  in  viewing  the  London 
Tertiaries  as  a  group,  and  comparing  them,  as  usual, 
directly  with  the  xinderlying  Chalk,  it  is  to  be  observed  that 
we  are  not  comparing  like  terms  of  the  two  periods.  That 
a  great  and  essential  difference  existed  between  these 
periods  must  be  admitted,  but  it  is  a  question  how  far 
that  difference  is  widened  by  the  comparison  being  insti- 
tuted between  the  deep  and  open  sea  deposits  of  the  Chalk 
and  the  littoral,  shallow-sea,  and  fluviatile  deposits  of  the 
Tertiary  period,  instead  of  between  strata  deposited  under 

like  conditions  during  these  two  periods Where 

more  shallow- water  conditions  again  prevailed  during  the 
later  Cretaceous  periods,  as  at  the  time  of  the  deposition  of 
the  Calcaire  pisolitique,  the  fauna  which  then  flourished 
presents  forms  closely  resembling  those  of  the  overlying 
Tertiary  strata." ' 

We  cannot,  in  fact,  be  surprised  that  the  fossils  of  the 
Eocene  should  differ  enormously  from  those  of  the  Chalk, 
because  the  conditions  under  which  the  creatures  lived  were 
so  utterly  different,  but  a  comparison  between  two  such 
faunas  cannot  possibly  afford  trustworthy  evidence  with 
regard  to  the  ma^^iitude  of  the  time-break  between  the  two 
periods.     As  a  matter  of  fact,  there  is  far  less  difference 

»  PhiUipa'  «  Manual  of  Geology,"  1886,  p.  598. 
»  "  Quart.  Journ.  Geol.  Soc.,    vol.  x.  p.  443  5  see  also  toL  xxvii. 
Prea.  Address,  p.  55. 
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between  the  fauna  of  the  Chalk  marl  and  that  of  the  Eocene, 
than  there  is  between  the  latter  and  that  of  the  Chalk  unme- 
diately  below  it,  and  the  reason  of  this  is  obTionsly  that  the 
Chalk  marl  was  deposited  in  comparatively  shallow  water. 
Lastly,  it  may  be  observed  that  a  few  links  between  the 
Cretaceous  and  Eocene  faimas  do  exist,  our  London  Clay 
containing  Echinoderms  belonging  to  five  essentially  Creta- 
ceous genera,  viz.,  Hemiaater,  Bovrgeticrintis,  PerUacrinus, 
Adropecten,  and  Qoniaster,  We  have  already  seen  that  the 
actual  evidence  of  imconf ormity  between  the  Chalk  and 
Eocene  has  been  exaggerated,  and  it  is  highly  probable  that 
future  discoveries  will  entirely  bridge  over  the  gap  between 
the  Secondary  and  Tertiary  deposits  even  in  the  European 
area.  In  Egypt  and  Syria  there  appears  to  be  a  complete 
passage  from  one  to  the  other,  and  the  same  is  the  case  in 
North  America. 

The  following  are  some  of  the  genera  which  now  make 
their  appearance  in  Britain,  though  a  few  of  the  Qti.stero- 
pods  occur  in  the  highest  Cretaceous  rocks  of  the  continent : — 

Protozoa. — Alveolites,  Nummulites,  Triloculina. 

Actinozoa. — Balanophyllia,  Deudrophyllia,  Madrepora, 
Oculina,  Solenastrea,  Tiurbinolia. 

EchinodemuUa, — Spatangus. 

Crustacea, — Dromilites,  Xanthopsis. 

LoAneUihraMcha, — ^Diplodonta,  Glycimeris.   , 

Gasteropoda, — ^Ancillaria,  Cancellaria,  Conus,  Cyprsea, 
Marginella,  Murex,  Typhis,  Oliva,  Pleuro)toma,  T^ton, 
Voluta. 

Cephalopoda. — ^Aturia,  Beloptera,  Belosepi  a. 

Fish. — Many  Cycloids  and  Ctenoids. 

ReptUea. — ^Alligator,  Crocodilus,  Lacerta,  tPalffiophis. 

Avea. — Odontopteryx,  Dasomis,  Halcyor/nis,  Lithomis, 
Argillomis. 

Mam^malia,. — Coryphodon,  Lophiodon,  iHyracotherium, 
FUolophus,  Palseotherium,  Paloplotheriimi^,  Dddelphys. 

Of  the  above  genera  the  most  importanJt  and  interesting 
from  a  biological  point  of  view  are  the  Bir^ds  and  the  Mam- 
mals. The  Odowtopteryx  was  a  large  fish^.-eatiag  bird,  pos- 
seBsing  strong  jaws  armed  with  teeth.  a3.d  having  general 
affinities  with  the  Pterodactyles  of  the  >  filesozoic  periods ; 
it  belongs  to  an  order  which  appeared  so  tmewhat  earlier  in 
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America.  Dasomig  was  also  a  large  bird,  appareQtl;^  '^■ 
Hemblin^  the  extinct  Moa  of  New  ZeaJaad.  LUhomM  was 
a  Tultore  and  Balcyomit  a  kingfialier. 

Of  the  Mammals  CorypKodon  and  Lophiodon  resembled 
the  recent  tapir ;  Pal^otherium  and  Paloplotherimn  were 


Fig.  106. 

aniroalB  from  which  both  the  rhinoceros  and  the  horse  seem 
to  have  descended.  Syracotkerium  was  a  small  animal  com- 
binii^  characters  now  found  in  the  peccary  and  the  hyrax 
or  Sjrian  coney ;  Ptiolopkut  was  also  an  ancestral  form  of 
hjrax.     Didelphyg  was  a  true  opossum,  and  in  France  the 


Fig.  IDr.     Palototherium  miifpiuiD,  jaws  and  teeth  (}). 


carnivorous  Marsupials  Jrctocymt.Pferoion,  and  Palceonictis 
have  been  found.  In  France,  too,  the  earliest  hog-like 
animals  occur,  AnchUophtte  and  HelerobyKi,  with  a  hornless 
form  of  deer  (Dickobune).  Professor  Boyd  Dawkins  re- 
marks,' "  these  animals  constitute  a  small  and  insignificant 

>  "  Early  Han  in  Britain,"  p.  37. 
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fragment  of  a  fauna,  the  ancestry  of  which  is  to  be  looked 
for  in  the  Cretaceous  age.  They  are  of  peculiar  interest,  be- 
cause they  show  that  at  this  time  the  carnivores  were  inter- 
mediate in  character  between  the  marsupials  and  the  pla- 
cental mammals." 

The  Eocene  flora  is  marked  by  the  incoming  of  Dicotyle- 
dons, especially  such  as  belong  to  the  order  Protedcece,  the 
members  of  which  are  now  principally  found  in  Australia. 

In  the  Lower  London  Tertiaries,  species  of  Plaianus, 
Populus,  Alnus,  Pinus,  Lauras,  Lygodium,  and  Glyptostrobus 
have  been  identified  by  their  leaves,  principally  from  the 
Eeading  Beds. 

In  the  London  Clay  of  Sheppey,  Messrs.  Gurdner  and 
Ettingshausen  have  recently  identified  fruits  of  Pinus, 
Callitris,  Musa,  Elais,  Iriartea,  Seqvma,  Frenela,  Podo- 
carpus,  Sahal,  Nissa,  Areca,  Desmonais,  Alnus,  and  many 
varieties  of  leguminous  seeds. 

In  the  Lower  Bagshot  Sands,  Aralia  and  Podocarpus 
occur,  with  Quercus,  Juglans,  Lauras,  Ficus,  ChreviUea,  Dry- 
andra.  Cassia,  and  Ccesalpinia,  according  to  De  la  Harpe. 

The  Bournemouth  Beds  contain  an  abundant  flora,  which 
has  been  described  by  Mr.  J.  S.  G^ardner,  who  enumerates 
the  following  : — Osmunda,  Polypodium,  and  Acrostichum 
(ferns) ;  Flahellaria,  Sahal,  Iriartea,  and  PhcenicUes  (palms) ; 
Popvlus  (?),  Ulmus  (?),  Salix,  Lauras  (?),  Quercus  (?), 
Daphnogene,  Carpinus,  Fagus(^),  Qodoya,  Ficus,  Steno- 
carpus,  and  many  Proteacece ;  Rhamnus,  Alnus,  Celastrus, 
Eucalyptus,  and  many  Leguminosoe;  Cupressus,  Ca^ctus, 
and  Araucaria, 

The  following  are  the  fossils  characteristic  of  the  marine 
and  estuarine  deposits  of  each  subdivision : — 

Fossils  of  the  Lower  London  Tertiaries 

(Marine  species). 

Lamellibranchs. — Ostrea  bellovacina,  Cardium  Laytoni, 
Corbula  regulbiensis,  Cjrprina  Morrisii,  Thracia  oblata, 
Glycimeris  rutupiensis. 

Chsteropoda, — ^Aporrhais  Bowerbankii,  Ap.  triangulata» 
Natica  subdepressa,  Calyptrea  trochiformis. 
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(Estimrine  species.) 
LameU^mutehs. — G^rena  cuueifonuis,  C.  cordata,  Ostrea 
belloTacina,  and  O.  teuera. 


Fig.  108.    Leaves  from  the  Lower  Bagshot  *  and  Boumemoatb  Beds. 
Bomnred  from  Mr.  Oardner'B  paper  io  "  Froc.  G«al.  Auoc,"  1S7T. 
1.  CoTjluB  ip.(7).  S.  Antlia  primigBQia.* 

3.  FagQ*  »p.  (?).  G.  Stenocarpiu  ip. 

3.  Launuap.  (?).  7.  DiTaodra  acatilob*.* 

4.  AMrip.(?)''  8.  Qoeictu  ip.  (?). 

Qaeteropoda. — Melania  inquinata,  Paludiua  lenta,  Ceri- 
thiom  funatum,  MeUnopeia  bucdnoides,  Hydrobia  Far- 
kinBoni,  Neritma  globulus. 
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Fossils  of  the  London  Clay. 

Annelida. — ^Ditrupa  plana. 

Crustacea, — Hoploparia  Bellii,  Xanthopsis  tuberculata. 

Brachiopoda. — ^Lingula  tenuis,  Terebratulina  striatula. 

Lamell^anchs. — Cryptodon  angulatum,  Pholadomja 
margaritacea.  Pinna  affinis,  Modiola  elegans,  PanopeBa 
intermedia,  Pectunculus  decussatus. 

Qaderopoda. — ^Aporrhais  Sowerbyi,  Natica  Hantoniensis, 
Voluta  Wetherellii,  V.  nodosa,  Phonis  extensus,  Pjrmla 
Smithii. 

Cephalopoda, — ^Nautilus  imperiaUs,  Aturia  ziczac. 

Fish. — Otodus  obliquus,  Ccelopoma  Colei. 

Fossils  of  the  Bracklesham  Beds. 

Protozoa, — ^Nummulites  Isdvigatus,  N.  variolaria. 

Actinoeoa, — LitliarsBa  Websteri. 

Lamellihranchs.  —  Pecten  corneus,  Cardita  planicosta, 
Solen  obliquus,  Sanguinolaria  HoUowajsii,  Chama  squa- 
mosa, Pectunculus  pulvinatus. 

Chsteropoda, — CjprsBa  Ooombii,  Voluta  citbara,  Ceri- 
thium  giganteum,  Turritella  imbricataria,  T.  sulcifeTa, 
Conus  deperdituB,  Pleurotoma  attenuata. 

Fish, — Edaphodon  Bucldandi,  Mjliobatis  Edwardsii. 

Fossils  of  the  Barton  Beds. 

Protozoa, — ^Nummulites  planulatus. 

Lamellihranchs, — Pecten  reconditus,  Cardita  sulcata, 
Crassatella  sulcata,  Cardium  turgidum,  Pectunculus  de- 
letus,  Sanguinolaria  compressa. 

Gasteropoda, — Eostellaria  rimosa,  B.  ampla,  Conus  dor- 
mitor,  Pusus  longeevus,  F.  pyrus,  Murex  asper,  Typhis 
pungens,  Yoluta  luctatrix,  Phorus  agglutinans,  Pleurotoma 
colon,  Oliva  Branderi. 


Fig.  109.    Goc«ne  Fouili. 
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Fg   no      FobsiIb  of  kocene  and  Uligocen?  Beita 

1.  Psammob  a  KilHa  ( Headon)  5    Fanopiea  mlermedJs   (London 

2.  Corbula  ciupidB(a(IlMdoii).  Cla;). 

3.  Dilnipa  plana  (London  Claj).         G.  Cvtherea    incraaMta    (Bartoo 

4.  Ancilbria  labnlals  (Headon).  Clay  and  Uesdon  Beds). 

7.  Cardica  planicoata  (Bracklealiani). 


CHAP.  XI.]  HANTONIAN    SYSTEM.  443 

Stratigraphy, 
1.    The  London  Basin. 

The  Lower  London  Tertiaries  ^  is  the  name  at  pre- 
sent applied  to  the  group  of  beds  which  lies  between  the 
Chalk  and  the  London  Claj ;  this  group  being  divisible  into 
three  stages,  which  are  respectively  known  as  (1)  Thanet 
Beds,  (2)  Woolwich  and  Beading  Beds,  (3)  Oldhaven 
Beds. 

The  Thanet  Beds,  sls  their  name  implies,  are  well 
developed  in  the  Isle  of  Thanet.  They  consist  mainly 
of  pale-coloured  sands,  the  lowest  part  being  always  argil- 
laceous and  full  of  dark  green  glauconitic  grains,  while  at 
the  base,  and  resting  on  the  Chalk,  there  is  invariably  a 
layer  of  unworn  green-coated  flints.  These  flints  show  no 
signs  of  attrition,  and  are  believed  to  have  been  derived 
directly  from  the  underlying  chalk,  not  by  mechanical 
erosion,  but  by  chemical  solution,  through  the  agency  of 
carbonated  water  percolating  through  the  sands  and  dis- 
solving the  subjacent  chalk,  but  leaving  the  insoluble  flints 
behind,  so  that  a  layer  of  these  nodules  has  gradually  ac- 
cumulated at  the  base  of  the  sand,  but  was  not  there  when 
the  sands  were  originally  deposited.  This  supposition  is 
confirmed  by  the  fact  that  no  fossils  occur  in  this  basement 
bed,  whereas  if  the  flints  had  ever  lain  on  a  sea-bottom 
small  oysters,  serpulse,  <&c.,  would  certainly  have  fixed 
themselves  on  to  such  favourable  surfaces  for  attachment. 

In  East  Kent  the  greater  part  of  this  stage  consists  of 
greenish  sandy  marl  (50  or  60  feet),  overlain  by  sharp 
greenish-grey  sand  (30  to  40  feet),  and  both  beds  contain 
many  fossils  of  marine  species  (see  p.  438) ;  westward, 
however,  the  upper  sand  entirely  thins  out,  and  the  sandy 
marl  passes  into  fine  soft  pale  green  or  bufE  sand  (argilla- 
ceous at  the  base),,  which  in  the  west  of  Kent  is  about  50 
feet  thick  ;  this  type  of  the  Thanet  Beds  is  well  exposed  in 
the  pits  near  Woolwich  and  Charlton,  but  contains  no 
fossils.     Thence  they  run  by  Crayford  and  Croydon  to 

*  It  18  to  be  hoped  that  this  name  may  eventually  be  replaced  by  a 
lew  awkward  appeUation. 
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Epsom,  where  they  are  onlj  16  feet  thick,  thinning  out 
entirely  near  Ashstead. 

The  Thanet  Beds  thin  northward  as  well  as  westward, 
for  though  well-sections  at  Chelmsford  and  Braintree  show 
them  to  be  about  30  feet  thick,  at  their  outcrop  near  Sud- 
bury they  are  only  16  feet,  and  they  thin  out  rapidly 
eastward  and  also  to  the  south-west  near  Gestingthorpe. 

The  Woolwich  and  Beading  Beds  are  a  much  more  vari- 
able group,  and  exhibit  three  entirely  different  fades  as 
they  are  traced  from  east  to  west : — (1)  the  marine  type, 
consisting  of  grey  sands  with  marine  shells,  is  only  found 
in  East  Kent ;  (2)  the  estuarine  or  Woolwich  type  occurs 
in  West  Kent  and  East  Surrey,  and  consists  of  sands,  clays, 
and  loams,  with  estuarine  and  freshwater  shells ;  (3)  the 
plastic  clay  type  of  the  western  and  northern  tracts  con- 
sists of  imfossiliferous  variegated  plastic  clays  and  bright- 
coloured  sands,  which  are  known  as  the  Beading  Beds. 

In  the  coast  section  of  Beculvers,  Kent,  the  pale  marine 
sands  with  sharks'  teeth,  Corhula  regvJhiensis,  and  other 
fossils  are  25  feet  thick.  Near  Milton,  yellow  and  grey 
sands  (possibly  marine)  imderlie  beds  with  estuarine  shells, 
and  the  same  is  the  case  at  Upnor,  on  the  Medway,  where 
the  pit  sections  show : — 

Sands  and  dark  clays,  with  Cyrena,  &c.  .        .        .       20  feet. 
Greenish-grey  sands  (?  marine)       .        .        .        .      30    „ 

Westward  the  estuarine  beds  thicken  to  50  feet  near  Lewis- 
ham,  and  are  well  seen  both  there  and  at  Woolwich,  where 
fossils  are  abundant,  especially  Odrea  tenera,  Cyrena  cor- 
data,  and  Melania  inquinaia. 

In  West  Kent,  beds  of  mottled  plastic  clay  begin  to 
appear,  and  these  increase  westward  through  Surrey,  the 
shell-bearing  beds  gradually  dying  out,  till  in  Hants  and 
Berks  they  consist  entirely  of  such  clays  with  beds  of  red, 
yellow,  and  white  sand,  and  vary  from  30  to  40  feet 
thick. 

Along  the  northern  lip  of  the  basin  through  Herts  and 
Essex  they  are  of  the  same  (Reading  type),  but  include 
some  pebble  beds  which  are  occasionally  concreted  into  the 
kind  of  conglomerate  known  as  "  plum-pudding  stone." 
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Near  Sudbury  the  Beading  Beds  are  very  thin,  but  extend 
as  far  as  Ipswich. 

Mr.  Whitaker  remarks  that  where  they  rest  on  the 
Thanet  sands  the  basement  bed  contains  rolled  flint 
pebbles,  but  that  in  the  west,  where  they  rest  directly  on 
the  chalk,  it  contains  only  unworn  green-coated  flints.^ 

The  plastic  clays  have  yielded  no  fossils  except  the  leaves 
of  plants  (see  list  on  p.  438). 

Overlying  the  estuarine  beds  of  the  Woolwich  group  in 
Surrey  are  pebbly  sands  and  pebble  beds,  from  10  to  60 
feet  tiiick,  which  are  termed  the  Oldhaven  or  Blackheath 
Beds  by  Mr.  Whitaker,  and  are  grouped  by  him  as  a  third 
division  of  the  Lower  London  Tertiaries.  Their  strati- 
graphical  extent,  however,  is  not  great,  and  their  palsBon- 
tological  importance  is  small,  so  that  they  hardly  seem 
entitled  to  rank  as  a  primary  division. 

In  Kent  their  thickness  is  never  more  than  10  or  12 
feet  in  those  districts  where  the  estuarine  Woolwich  Beds 
occur,  but  at  Beculvers,  where  the  latter  are  absent,  there 
are  20  feet  of  marine  sands  (with  Cardiv/tn  Laytoni,  Cyprina 
Monrisiiy  and  Aporrhais) ;  these  are  classed  as  Oldhaven  Beds 
by  Whitaker,  but  may  represent  the  estuarine  Woolwich 
Beds  also.  The  probable  relations  of  the  beds  composing 
the  Woolwich  group  in  Kent  and  Surrey  are  expressed  in 
the  accompanying  diagram. 


OftLkm^^tn.    So/^is 


Fig.  111.    Diagram  to  explain  the  composition  of  the  Woolwich  Beds. 

The  Blackheath  pebble  beds  do  not  extend  west  of  Croy- 
don, and  are  not  found  along  the  northern  edge  of  the 
London  Basin.  The  pebbles  composing  them  are  all  well- 
worn  and  rounded  flints  without  any  subangular  pebbles 
such  as  occur  on  our  shingle-beaches ;  hence  Mr.  Whitaker 

^  '*  Geology  of  the  London  Basin,  Mem.  Geo!.  Survey,"  voL  iv.  p.  99. 
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concludes  that  they  were  not  laid  down  in  beaches,  but 
were  deposited  by  strong  currents  at  some  little  distance 
from  the  shore,  and  his  view  is  confirmed  by  the  frequency 
of  current  bedding.  The  fossils  they  contain  are  some- 
times of  marine,  and  sometimes  of  estuarine  species,  as  in 
the  underlying  beds. 

The  London  Clay  forms  the  second  division  of  the 
London  Tertiaries,  and  occupies  broad  areas  both  on  the 
north  and  south,  side  of  the  Thames  Valley.  It  is  of  much 
more  uniform  composition  than  the  lower  group,  the  mass 
of  it  consisting  of  stiff  bluish  clay,  with  layers  of  septarian 
nodules.  Its  thickness  near  London  is  between  400  and 
.500  feet,  but  it  thins  gradually  westward  to  about  270  at 
Wokingham,  50  near  Newbury  and  Hungerford,  and  only 
15  in  the  outlier  of  Great  Bedwin,  in  Wilts,  but  this  rapid 
thinning  may  be  only  apparent,  and  due  in  reality  to  an 
overlap  of  the  Bagshot  Sand. 

The  basement  bed  is  of  a  different  character  to  the  rest, 
consisting  of  brown,  grey,  or  greenish  sand  and  sandy  clay, 
in  which  are  scattered  many  rolled  flint-pebbles ;  these 
pebbles  are  always  black,  and  sometimes  have  the  remark- 
able peculiarity  of  falling  into  fragments  when  tapped  by 
a  hammer,  for  though  to  the  eye  they  seem  compact,  they 
appear  to  be  really  traversed  by  a  multitude  of  invisible 
cracks.  This  basement  bed  is  generally  from  6  to  12  feet 
thick,  and  it  often  contains  fossils  of  which  the  chief  are 
Aporrhais  Sowerhyi,  Calyptrea  trochiformie,  Cytherea  obliqua, 
Panopcea  intermedia,  Fectunctdus  hrevirostris,  and  Ditntpa 
plana. 

The  surface  colour  of  the  overlying  mass  of  clay  is  gene- 
rally brown,  but  this  is  due  to  the  oxidation  of  tlie  iron  it 
contains  by  exposure  to  the  weather;  its  normal  tint  in 
deep  wells  and  borings  is  a  bluish  grey  or  slate  colour. 

Fossils  are  not  common  throughout  the  London  Clay,  but 
sometimes  occur  in  great  profusion,  especially  where  bands 
of  sandy  clay  occur  (see  list  on  p.  440).  The  cliffs  of  the 
Isle  of  Sheppey  are  noted  for  the  fossils  they  yield,  plant 
remains  being  here  especially  abundant  and  well  pre- 
served. 

The  London  Clay  and  the  underlying  beds  are  usually 
grouped  together  as  the  Lower  Eocene. 
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Bagshot  Beds  or  Middle  Eocene. — In  the  London 
Basin  this  series  consists  almost  entirely  of  sand  with 
occasional  pebble  beds;  it  has  been  divided  into  lower, 
middle,  and  upper  stages. 

The  Lower  Bagshot  is  composed  of  light  grey  sands, 
sometimes  stained  with  iron  or  agglutinated  into  a  ferru- 
ginous sandstone,  and  occasionallj  there  are  very  thin 
layers  of  pipe-clay.  Near  the  base  a  bed  of  rolled  flint 
pebbles  sometimes  occurs,  and  these  flints  must  either 
have  been  derived  directly  from  the  Chalk  or  from  older 
Tertiary  beds ;  in  either  case,  we  must  infer  that  the  Bag- 
shot  Sands  overlapped  the  London  Clay.  This  overlap  pro- 
bably took  place  southward  as  well  as  westward.  There 
aie  similar  pebble  beds  in  South  Essex. 

Mr.  Irving  has  pointed  out  that  the  colour  of  these  sands 
in  deep  wells  is  greenish,  from  an  admixture  of  carbonaceous 
matter,  which  is  destroyed  by  the  action  of  oxygenated 
water  when  they  are  near  the  surface. 

The  Middle  Bagshot  is  more  varied,  consisting  of  grey 
and  brown  laminated  clays  at  the  base,  overlain  by  dark 
green  clayey  sand  from  12  to  20  feet  thick,  and  succeeded 
by  a  variable  set  of  greenish  sands  with  bands  of  clay,  the 
total  thickness  varying  from  40  to  80  feet.  These  beds 
have  yielded  a  few  fossils,  TurrUella  avldfera,  Ga/rdita 
planicogta,  C.  acutico$ta,  Odrea  ftahelltUa,  Corbuia  striata, 
NummvMtes  IcemgcUua,  and  many  flsh-teeth,  Otodus  ohliquvs, 
Careharodon  megalotia,  &c. 

The  Upper  Bagshot  consists  of  white  or  light  yellow 
sands  irregularly  bedded,  and  containing  in  the  upper  part 
blocks  of  white  saccharine  sandstone,  which,  when  weathered 
out,  are  known  as  "  grey- wethers ; "  these  masses  are  some- 
times 10  to  14  feet  long,  and  3  or  4  deep,  and  they  often 
enclose  flint  pebbles.  Organic  remains  are  rare,  but  here 
and  there  are  casts  of  shells,  some  of  which  have  been 
identified  as  TurrUeUa  aulcifera,  Natiea  paiula^  Calyptrea 
iroehiformia,  Oatrea  JlaheUida,  and  NummtUUea  planvicUua. 
These  beds  reach  a  thickness  of  140  feet,  and  may  have 
been  thicker,  for  they  are  the  highest  beds  in  the  London 
Basin. 

The  Bagshot  Beds  above  described  occupy  a  large  tract 
in  Berks,  Hants,  and  Surrey,  some  20  miles  long,  with  a 
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maximum  breadth  of  10  or  12  miles ;  large  outliers  of  the 
lower  sainds  occur  both  to  the  west  and  east  of  this  mass, 
and  smaller  ones  in  Middlesex  and  Essex.  The  middle  divi- 
sion occurs  as  a  mass  in  the  broadest  part  of  the  tract,  and 
according  to  the  (Geological  Surveyors,  the  upper  sands 
form  small  tracts  over  its  surface  (Chobham  and  Frimlej 
ridges,  <&c.) ;  Mr.  Irving,  however,  has  adduced  reasons 
for  thinking  that  these  upper  sands  overlap  both  the 
middle  and  lower  stages,  and  rest  directly  on  the  London 
Clay  in  the  Aldershot  district.^ 


2.  Hampshire  Basin. 

The  most  complete  sections  of  the  Eocene  series  in  the 
basin  are  found  at  each  end  of  the  Isle  of  Wight,  in  Alum 
and  Whitecliff  Bays,  but  the  central  and  upper  portions  of 
the  series,  being  more  f  ossilif  erous  at  certain  places  on  the 
opposite  coast  of  Hampshire,  take  their  names  from  those 
places,  e.g.,  Bournemouth,  Bracklesham,  and  Barton  Beds. 

In  the  Isle  of  Wight  the  beds  are  thrown  up  on  end  into 
a  nearly  vertical  position  (see  fig.  112),  and  the  thicknesses 
of  the  several  divisions  can  thus  be  easily  measured.^  As  in 
the  London  Basin,  so  also  here  the  thickness  of  the  Lower 
Eocenes  increases  from  west  to  east,  but  that  of  the  Middle 
Eocenes  does  not  change  much,  being  about  800  feet  in 
Alum  Bay,  while  in  Whitecliff  Bay  it  is  about  750  feet 


Lower  Eocene. 

Plastic  Clay. — This  appears  to  represent  the  Beading 
Beds,  neither  the  Thanet  Bieds  nor  the  Oldhaven  Beds  being 
discernible  in  the  Isle  of  Wight.  It  consists  almost  entirely 
of  bright  red  and  white  mottled  clays  with  several  layers 
of  brown  sand,  one  of  these  being  at  the  base  and  resting 

»  "Proc.  GeoL  Aaaoc.,"  vol.  yiu.,  and  •*  GeoL  Mag.,"  Dec.  3,  yoL  u. 
p.  25. 

'  See  Bristow's  "  Geology  of  the  Isle  of  Wight,  Mem.  GeoL  Survey  •  *• 
Prestwich  in  "  Quart.  Journ.  GeoL  Soc.,"  vol.  a  p.  223 ;  and  Gardner 
op.  cit.,  voL  xzxv.  p.  226.  * 
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on  the  chalk.  No  fossils  except  fragments  of  plants  have 
yet  been  found  in  these  plastic  clays,  and  thej  do  not 
therefore  seem  to  be  of  marine  origin.  Their  thickness  in 
Whitecliff  Bay  is  163  feet,  at  Alum  Bay  84  feet,  and  at 
Studland  Bay  (Dorset)  they  are  hardly  distinguishable.  • 

London  Clay. — With  the  exception  of  an  outlier  at 
NewhaTcn,  the  most  easterly  exposure  of  this  division  in 
this  area  is  at  Bognor,  in  Sussex,  where  beds  of  clay  and 
calcareous  sandstone,  highly  fossiliferous,  are  exposed  on 
the  shore,  and  are  supposed  to  belong  to  the  lower  part  of 
the  London  Clay. 

At  Whitecliff  Bay,  in  the  Isle  of  Wight,  it  is  307  feet 
thick,  consisting  for  the  most  part  of  compact  brown  clay, 
somewhat  sandy,  and  containing  numerous  septarian  no- 
dules of  argillaceous  ironstone ;  the  upper  part  consists  of 
sandy  clays  and  sands  in  thin  layers,  with  some  lignite,  and 
probably  deposited  in  shallower  water.  At  Alum  Bay  it  is 
200  feet  thick,  and  still  less  in  Dorset. 

The  basement  pebble-bed  at  Whitecliff  Bay  is  two  inches 
thick,  and  is  covered  by  buff  sands  (18  inches),  and  hard 
sandstone  with  Ditrwpa  plana.  About  35  feet  from  the 
base  there  is  a  zone  of  Fanopcea  intermedia  and  Pholadamya 
margaritacea,  and  at  about  80  feet  a  well-marked  band  of 
Cardita  Davidsani. 

Middle  Eocene. 

Lower  Bagshot  Sands. — ^These  are  yellow  and  white 
sands  which  are  248  feet  thick  at  Alum  Bay,  and  contain 
in  their  upper  part  layers  of  white  pipe-clay  which  enclose 
leaves  of  pmnts  in  great  abundance,  the  chief  of  them  be- 
longing to  the  genera  Dryandra,  Aralia,  Ficua,  Querew, 
Lauras,  Cassia,  and  Coesalpinia. 

These  beds  are  also  f oimd  in  great  force  at  Studland 
and  Gorfe,  in  Dorset,  and  they  may  be  distinguished  by 
the  total  absence  of  flint  pebbles.  Eastward  they  appear 
to  thin  rapidly,  and  are  only  98  feet  thick  in  Whitecliff 
Bay,  while  the  overlying  marine  Bracklesham  Beds  become 
thicker  in  that  direction.  Mi*.  J.  S.  G^ardner  is  inclined 
to  unite  them  to  the  Lower  Eocene,  rather  than  to  the 
Middle. 
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Bradlesham  Beds. — ^These  beds  receiyed  their  name 
from  Braddesham  Bay  in  Sussex,  where  they  contain  ma- 
rine shells  throughout  their  whole  extent  along  the  shore, 
but  there  are  no  difEs  in  which  they  can  be  measured. 

The  section  in  Whitecliff  Bay  exhibits  the  same  marine 

type,  and  has  been  described  in  detail  by  the  EeT.  O.  Fisher,^ 

who  divides  the  g^up  into  the  four  stages  given  below  in 

descending  order : — 

Feet 

A.  Chiefly  green  and  blue  clave  (Nummulites  tfariolaHa)       .    252 

B.  Tellow  sands  and  sandy  clays 27 

C.  Sandy  clays  and  green  santis  {Num.  laviffata)  .  .    123 

D.  Grey  clays  and  green  sands,  with  some  lignite,  but  few 

fossils 251 


693 


For  the  characteristic  fossils  see  list  on  p.  440. 

On  reac}ung  Alum  Bay  we  find  that  the  greater  part  of 
this  group  is  represented  by  unf  ossilif  erous  sands  and  days, 
probably  estuarine  beds,  and  that  marine  shells  are  only 
found  in  the  uppermost  157  feet,  which  answer  to  Mr. 
Fisher's  group  A.  The  lower  beds  were  formerly  relegated 
to  the  Lower  JBagshot,  but  their  true  position  has  been  de- 
termined by  Mr.  Qardner,  who  has  compared  them  bed  by 
bed  with  those  of  the  opposite  cliffs  of  Hampshire.^  The 
following  are  the  divisions  according  to  mr.  (Gardner's 
reading,  the  letters  and  figures  indicating  their  correla- 
tion with  the  Whitediff  and  Bournemouth  sections  respec- 
tively. 


{i 


Greenish  sandy  clays,  with  pebbles  at  base 
Tellow  and  white  sands  .... 
Bluish  and  brown  olays,  with  lignite  bands 

B.  3.  Bright  ooloared  sands      .... 

C.  2.  Bark  sands  and  clays,  with  lignite  . 

D.  1.  Dark  laminated  clays  and  variegated  sands 


Feet. 

45 
41 
71 

147 
98 

153 

556 

The  succession  of  the  Bournemouth  and  Boscombe  beds 
has  been  carefully  worked  out  by  Mr.  Gardner,  who  gives 
it  as  follows : — 

>  **  Quart.  Joum.  GeoL  Soc/'  toI.  xviii.  p.  65. 
*  See  **  Proc.  Geol.  Assoc,"  roL  ri.  p.  88,  and  *'  Quart  Journ.  Qeol. 
See.,"  ToL  xxxviiL 
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Peet. 
6.  Dark  sandy  clays,  with  pebbles  at  base  .      35 

5.  HighclifF  sands,  white 31 

4.  Hengistbury  clays 57 

3.  Bosoombe  sands^-yellow ?  100 

2.  Bournemouth  marine  beds, 50 

1.  Bournemouth  freshwater  beds     .        .  .  ?  400 

For  the  flora  of  the  freshwater  beds,  see  p.  438  ;  the  Bos- 
combe  Sands  are  regarded  by  Mr.  Gurdner  as  the  equiya- 
lent  of  the  Upper  Bagshot  Sands  of  the  London  Basin,  but 
not  by  the  G^eological  Surveyors,  who  look  upon  the  latter 
as  representing  the  sands  above  the  Barton  Clay. 

Upper  Eocene. 

Barton  Clay. — The  cliffs  between  Barton  and  Hord- 
well  expose  a  good  section  of  this  clay,  which  is  there 
285  feet  thick,  and  consists  chiefly  of  bluish  grey  and 
brownish  clays,  containing  many  beautiful  fossils  in  an  ex- 
cellent state  of  preservation ;  the  genera  Voluta,  Fustu, 
C(mu8,  Murex,  Phorue,  MUra,  and  Pleurotama  are  con- 
spicuous, and  are  such  as  now  inhabit  warm  seas  (see  list 
on  p.  440). 

In  the  Alum  Bay  section  they  are  bluish,  brown,  and 
yellow  sandy  clays  with  a  band  of  greenish  sand  in  the 
middle;  fossils  are  less  abundant,  though  many  occur; 
their  thickness  here  is  250  feet. 

At  Whitecliff  Bay  clays  occur  on  this  horizon,  but  do  not 
contain  any  fossils. 

Barton  (or  Hordwell)  Sands. — These  include  some 
200  feet  of  yellowish  sands,  with  which  at  Hordwell  are  in- 
tercalated clays  containing  marine  shells  of  Barton  species ; 
at  the  summit  there  is  a  zone  about  8  feet  thick,  charac- 
terized by  Cerithium  pleurotomoides,  and  this  is  classed  by 
some  with  the  overlying  Headon  Beds,  and  by  others  with 
the  Hordwell  Sands,  bemuse  it  also  contains  Oliva  Branderi, 
It  is  in  fact  a  transition  zone,  and  might  be  grouped  either 
with  Eocene  or  Oligocene ;  similar  passage  beds  are  found 
in  the  Paris  Basin  (aeepostea). 

At  Alum  Bay  they  consist  of  pure  yellow  and  white 
sands  without  any  fossils,  and  are  estimated  at  from  140  to 
200  feet  in  thickness. 
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At  Whitecliff  Bay  their  position  is  occupied  by  200  feet 
of  yellowisb  sands,  in  which  a  few  casts  of  marine  bivalves 
have  been  detected. 

These  beds  are  the  Upper  Bagshot  Sands  of  the  Geolo- 
gical Survey,  so  called  because  they  are  correlated  with  the 
upper  part  of  the  Bagshot  series  of  the  London  Basin,  but 
this  correlation  has  recently  been  questioned  (see  p.  452). 

3.  Devonshire. 

Bovey  Beds. — ^These  beds  form  a  tract  of  low-lying 
heathland  surrounded  by  hills  and  extending  from  Bovey 
Tracey  to  King^kerswell,  a  distance  of  about  nine  miles. 
They  consist  of  sands,  clays,  and  lignites,  and  a  boring  at 
Bovey  pierced  the  following  beds : — 

Feet.  in. 

Superficial  drift 7       6 

Plastic  clay 2      6 

Quartz  sand 6      3 

Clays  and  lignites 5     11 

Sand,  clay,  and  a  layer  of  conglomerate '  .        .        4      8 

ClajB  and  lignites 33     10 

Quartzose  sand,  with  patches  of  clay         .        .111 
Clays  and  lignites     .        .        .    ,    .        .        .      53      4 

125       1 

Their  total  thickness  is  supposed  to  be  between  200  and 
300  feet.  At  Kingsteignton  there  are  40  feet  of  light- 
coloured  clays  resting  on  sands,  the  clays  yielding  good  pipe 
.and  pottery  clay. 

Mr.  Woodward  remarks  that  "  the  sedimentary  matter 
was  evidently  derived  from  the  waste  of  the  (Blackdown) 
greensand,  and  of  the  granite  rocks  of  Dartmoor."  ^        / 

These  beds  are  clearly  of  lacustrine  origin,  and  they  have 
jielded  numerous  plant  remains,  especially  Sequoia  Ooutssice, 
and  Mr.  J.  S.  Clardner  observes  that  the  flora  is  so  exactly 
like  that  of  the  Bournemouth^  Beds  (Middle  Eocene),  **  not 
only  in  species,  but  in  their  mode  of  preservation  and 
grouping,  that  were  specimens  mixed  they  could  not  be  re- 
separated."  ^    Lithologically  also,  except  for  the  presence 


1  It 

a 


Geology  of  England  and  Wales,"*  p.  279. 
"  Proc.  GeoL  Assoc.,**  vol.  ri.  p.  88« 
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of  lignite,  they  greatly  resemble  the  Bournemouth  Beds,  so  as 
to  mskke  it  probable  that  both  have  derived  their  materials 
from  the  same  sources. 


4.  Ibeland. 

Basaltic  Series. — This  series  has  been  mentioned  in 
previous  chapters  as  forming  an  elevated  plateau  in  the 
north-east  of  Ulster ;  this  plateau  has  steep  escarpments  on 
every  side  except  toward  Lough  Neagh,  and  it  is  mainly 
composed  of  enormoiis  lava-flows,  but  intercalated  with  the 
lowest  of  these  are  deposits  of  detrital  and  organic  origin. 

The  basement  bed  of  the  series  is  generally  a  conglo- 
merate containing  flints  derived  from  the  Chalk,  and  rest- 
ing on  a  very  uneven  surface  of  the  underl3ring  rocks  (Chalk, 
Trias,  <&c.,  see.  fig.  105,  p.  420).  Above  this  there  is  a  vari- 
able set  of  ochreous  tuffs,  iron  ores,  laterites,  days,  and 
lignites,  which  are  sometimes  only  a  few  feet  thick,  but 
sometimes  swell  out  to  thirty  or  forty  feet,  and  are  in 
some  places  intercalated  with  sheets  of  dolerite,  which  still 
further  increase  the  thickness  of  these  basal  beds.  Over 
them,  however,  are  piled  immense  and  extensive  sheets  of 
basalt  and  dolerite,  which  at  Sleamish  have  a  minimum 
thickness  of  1,200  feet.  The  well-known  columnar  basalt 
at  the  Giant's  Causeway  is  one  of  these  sheets  and  overHes 
a  bed  of  bole  or  laterite,  while  the  basal  conglomerate, 
here  of  considerable  thickness,  and  not  associated  with 
clays  or  iron-ores,  can  be  seen  beneath  massive  dolerites 
near  Dunluce  Castle. 

At  Glenarm  and  near  Antrim  there  are  thick  depoedts  of 
iron  ore,  the  lower  bed  being  a  compact  ferruginous  earth 
known  as  lithomarge,  which  is  sometimes  40  feet  thick,  and 
is  overlain  by  pisolitic  ore,  and  these  occur  some  600  feet 
from  the  base,  and  400  feet  from  the  top  of  the  basaltic 
formation.  At  Glenarm  they  are  associated  with  sandy 
clays  and  pebble  beds,  which  enclose  a  seam  containing  well- 
preserved  leaves  and  plant  remains. 

Sequoia  Ooutssice,  MacdifUockia  LyeUii,  and  leaves  of 
Platanus  and  Bhamnua  have  been  identified  by  Baily,  but 
further  researches  are  bein^  prosecuted  by  Mr.  J.  S.  GFard- 
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ner,  who  considers  the  flora  to  be  of  Lower  Eocene  age,  and 
not  Miocene,  as  previously  suppoised. 

Lough  Neagh  Beds. — ^Bonnd  the  shores  of  this  lake 
are  deposits  which  may  be  of  nearly  the  same  age.  Ac- 
cording to  Mr.  Gardner  ^  they  resemble  the  Bovey  Beds, 
"  being  a  mass  of  alternating  white,  brown,  greenish-blue, 
and  red  plastic  days,  white  and  grey  sand  with  irregular 
beds  of  lignite,"  and  they  have  been  pierced  near  AniEigh- 
more  to  a  depth  of  260  feet  without  reaching  the  baise. 
The  relation  of  these  beds  to  the  neighbouring  basalts  has 
not  yet  been  definitely  ascertained,  and  the  evidence  for 
regarding  them  as  Pliocene  or  Pleistocene  appears  to  be 
insufficient. 

5.  Scotland. 

Volcanic  Series. — This  is  evidently  a  continuation  of 
the  Irish  series,  and  attains  still  vaster  proportions  in  Midi 
and  the  Inner  Hebrides.  Dr.  A.  Gteikie  writes,  "  the  two 
great  classes  of  recent  lavas— the  basaltic  and  the  f  elspathic 
— are  well  represented  among  the  Western  Islands.  The 
basaltic  series  is  on  the  whole  the  older,  since  it  is  found 
to  pass  under  massive  sheets  of  pale  grey  and  blue  day- 
stones,  clinkstones,  and  porphyries  bdonging  to  the  fel- 
spathic  group."  * 

At  Ardtun  in  the  island  of  Mull  there  are  several  layers 

of  tuff  and  clay,  or  shale,  which  are  interstratified  with 

sheets  of  basalt,  and  in  these  clays  the  Dtike  of  Ar^le 

discovered  remains  of  leaves.    The  following  is  the  section 

at  Ardtun,  according  to  the  duke :  * — 

Feet 

8.  Basalt 40 

7.  FIrtt"  leaf  bed" 2 

6.  First  toff .20 

5.  Second  "leaf  bed" 2^ 

4.  Second  tuff 7 

3.  Tliird  "  leaf  bed  " 1* 

2.  Amorpboos  bamlt «      46 

1.  Columnar  baaalt iO 


181 


*  **  Quart.  Joum.  Geol.  See.,"  yoI.  xli.  p.  87. 

>  «  Proc.  Roy.  Soc.  Edin.,"  1866-7. 

'  *•  Qaart  Joxam,  Qeol.  Soc.,"  vol.  vii.  p.  89. 
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"  The  leaf  beds  of  Ardtun  lie  near  the  bottom  of  the 
whole  Yolcanic  series  of  the  Hebrides,  and  above  them 
comes  a  succession  of  sheets  of  basalt,  &c,,  between  3.000 
and  4,000  feet  in  thickness.  Throughout  this  enormous 
mass  of  bedded  igneous  rock,  layers  of  tuff  often  abound- 
ing in  chalk-flints  are  instratifled,  and  in  one  part  of  the 
cl^s  of  Innimore  of  Carsaig  a  bed  of  flints  25  feet  thick 
lies  between  the  dolerites.  Thin  lenticular  seams  or  nests 
of  coal  likewise  occur,  but  these  only  occupy  small  pond- 
like hollows  of  the  original  sur&u)e  of  the  basalts,  or  dole- 
rites,  and  are  overlain  directly  with  similar  rock  "  (Qeikie). 

The  Scilr  of  Eigg  exhibits  part  of  a  valley,  excavated 
out  of  the  basalts,  which  has  been  filled  up  by  thick  flows 
of  vitreous  lava  (Pitchstone),  and  at  the  bottom  of  the 
valley  below  the  Pitchstone  is  a  deposit  of  coarse  shingle 
and  sand  with  pieces  of  drifted  pine- wood.  The  Pitchstone 
having  resisted  detrition  better  than  the  Basalts  now  forms 
a  hill,  while  the  ancient  hills  and  valley-slopes  have 
crumbled  away. 


Equivalents  in  Belgium  and  France. 
Belgitxm. 

The  Eocene  area  of  Belgium  may  be  regarded  as  the 
continuation  of  the  London  Basin,  but  it  contains  deposits 
which  are  older  than  any  in  England,  and  are  the  oldest 
Tertiary  beds  yet  known  in  Western  Europe.  The  following 
are  the  stages  established  by  Dumont  in  Belgium. 

Montien.— Friable  and  compact  limestones,  attain- 
ing a  thickness  of  300  feet,  and  lying  in  a  trough  which  is 
excavated  out  of  the  chalk.  Fossils  are  very  numerous, 
and  include  both  marine  and  freshwater  species ;  the  abun- 
dance of  Cerithium  SLnd  TurriteUa  gives  the  fauna  a  Brack- 
lesham  aspect,  but  Professor  Hubert  remarks  that  it  has 
also  affinities  with  the  highest  Cretaceous  fauna  (Danien). 

Heersien. — In  two  divisions :  (1)  marine  sand  wi^ 
Cyprinu  Morrisii ;  (2)  freshwater  marls  with  plant  remains 
and  some  marine  shells.  These  beds  ^e  100  feet  thick, 
and  are,  probably,  rather  older  than  th^  Thanet  Sands. 

« 
\ 
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Landenien. — GravelB  and  Bandstoiies,  with  marine 
fosfiUs  at  the  base  (Gyprina  pianola,  Corbula  reguJhienait, 
Ac.)  i  Bands,  marh,  and  ligniteB  above  containing  the  foaaile 
of  our  Woolwich  Beds  (Melania  ifiquinata,  Ac.)- 

Ypresien. — AIbo  in  two  divisions :  (1)  a  bmwn  claj, 
like  oar  London  Clay,  but  without  foBsils,  450  feet  thick  at 
Ostend ;  (2)  Sands  with  Nttmmttliiet  planvlatvt,  Twm. 
tetla  edUa,  T.  hybrida,  Lucina  squamula,  and  DUrupa  plana, 
a  mairine  equivalent  of  our  Lower  Bagshot  Sands. 

Paniselien. — This,  according  to  Comet  and  Briart, 
restB  on  an  eroded  surface  of  the  Tpresien  superieur,  and 
the  fauna  comprises  a  mixture  of  Tpresien  and  Bruxellien 
species,  but  both  Hubert  and  Mourlon  r^ard  it  as  the  ter- 
minal member  of  the  Lower  Eocene. 

Bruxellien. — Sands  and  calcareous  sandstones,  answer- 
ing to  the  greater  part  of  the  Bracklesham  Beds ;  they 
contain  JWu*  longteimt,  Toluta  lineoUi,  Natica  labeUata, 
Chama  calearaia,  Ac.,  with  many  fish  and  reptile  remains. 

Laekeni  en  .—Similar  sandy  beds  abounding  in  Nwamn- 
lUe*  (Icevigaiue,  tcaher,  and  variolaria),  with  Ditrupa  ttran- 
ffulaia  and  Anomia  gubleevigata. 

Wemmelien. — Sandy  bedswith  Corbulapwum,  Cardita 
nleata,  Fvtue  longaewa,  &c.,  near  Brussels,  and  a  gravel  at 
the  base  full  of  NummulUee  varMaria. 


France. 

The  Eocene  beds  of  the  Faiis  basin  include  representa- 
tives of  all  these  stages  except  the  Montien  and  the  Tpre- 
sien inferieur  (London  Clay).  The  following  is  a  brief 
account  of  the  French  succession  : — 

Basement  Beds. — Professor  H^rt  has  recently  de< 
scribed  beds  in  the  Paris  baain  which  correspond  to  the 
older  part  of  the  Belgian  series,  though  he  thinks  they  are 
newer  than  the  Montien.  They  consist  of  sands  covered 
with  a  freshwater  limestone  (Galcaire  de  Billy)  and  marls 
with  marine  fossils,  some  of  which  occur  in  the  Montien. 

Sables  de  Bracheux  are  sands  containing  Oyprina 
Mtrrrini,  Pholadomya  ewneaia,  and  other  fossils  whidi  are 
common  in  the  Thanet  Beds  and  Lower  Landenien. 


> 
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Lignites  du  Soissonais  are  plastic  clays  and  sands 
with  lignite  bands,  and  correspond  to  the  Beading  Beds. 

Sables  de  Cuise. — Nothing  like  the  London  Clay  occurs 
in  France,  and  the  sands  which  overlie  the  Lignite  beds 
contain  the  same  fossils  at  the  Tpresien  sands  of  Belgium. 
Calcaire  Grossier. — Thiris  the  most  fossiliferous  for- 
'  mation  in  the  Paris  basin,  and  the  middle  portion  yields  the 
light  yellow  calcareous  freestone  which  is  the  chief  build- 
ing stone  of  Paris.  The  group  is  divisible  into  three  sub- 
stages  as  follows : — 

FeeU 
3.  Upper,  thin-bedded  fissile  limestones,  with  white  and  green 
marls  and  some  beds  of  siliceous  and  dolomitic  limestone  : 
Oardium  obliquum,  Cerithium  denttcuUUvmy  C.  lepidum,  Im- 

cinasaxorum S5 

8.  Soft  thick-bedded  limestones,  some  beds  Uurselj  composed  of 
AfUiola  and  OrhUcUtet :  Oardium  graaivhaum^  Cluima  cal' 
oarata,  F\iau8  btUbtformiSy  Iktrritdla  ifnbricaiaria  40 

1.  Glauconitic  limestones  and  sands,  with  a  layer  of  pebbles  at  the 
base :  Cerithium  gigqnteum,  Oardium  ponuaaum,  Ostrea 
JUAdMiy  Nummmlites  laviffoivs 25 

100 

Sables  Moyennes. — Theseare  sandsandsandstones,  in- 
cluding the  Gres  de  Beaucnamp,  lying  between  the  Calcaire 
Grossier  and  the  Calcaire  de  St.  Ouen ;  they  contain  Num, 
variolcuria,  Oyrena  deperdUa,  Aviada  Befranceif  Cerithium 
scala/roides,  and  C  Bouei. 
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B.   Olioocene  Series. 

The  name  OUgocene  wajs  proposed  for  this  series  by  Pro- 
fessor Beyrich  in  1854,  who  showed  that  they  contained  an 
important  fauna  which  is  on  the  whole  distinct  from  that 
of  the  typical  Eocene  strata  of  England,  France,  and  Bel- 
gium, and  that  they  attained  a  considerable  development 
in  Northern  Germany.  The  older  classification  arranged 
these  beds  partly  in  the  Eocene  and  partly  in  the  Miocene 
system,  but  this  rendered  it  necessary  to  draw  a  line  of 
separation  between  the  two  so-called  systems  in  every  area 
of  deposition,  and  in  the  midst  of  a  perfectly  continuous 
series.  The  difficulty  of  making  this  separation,  and  the 
close  connection  of  the  faunas  of  the  groups  which  were 
formerly  called  "Upper  Eocene"  and  "Lower  Miocene" 
respectively,  has  induced  geologists  to  accept  Professor 
Beyrich's  suggestion  to  imite  these  groups  under  the  name 
of  Oligocene.  Their  fauna,  however,  is  not  so  distinct  from 
that  of  the  Eocene  (as  now  restricted)  as  to  entitle  the 
series  to  be  regarded  as  a  distinct  system,  but  forms  the 
upper  portion  of  the  Lower  Tertiary  or  Hantonian  system. 

The  following  are  the  English  groups  belonging  to  the 

Oligocene  series : — 

Feet, 


Upper. 


Middle. 


Lower. 


Wanting  in  England. 
'  Hempstead  Beds      ....         105 
"R     K  -^       ( Bembridge  marls         .         140 
™^"  ^  \  Bembridge  Hmestone  .  20 

(  Lower  or  Osborne  marls  90 
(  Upper,  freshwater  .  40 — 80 
<  Middle,  marine      .       100—30 


Beds 


J  Headon 
(      Beds 


( Lower,  brackish 


40—70 


Life  of  the  Period, 


535 


Very  few  genera  of  invertebrate  animajs  date  from 
Oligocene  times,  the  species  found  in  these  deposits  being 
simply  the  modified  descendants  of  those  wlhich  prevailed 
in  Eocene  times;  a  great  number  of  mamimalian  genera 
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are,  however,  confined  to  the  Oligocene  division,  and  of  these 
the  following  are  the  most  important : — Adajpis,  AnchUhe- 
rium,  Anoplotheritimf  ArUhracothervimif  Cainotheriwm  (Mi- 
crotherium),  Ghceropotamus,  Dorcatherivmi  (AmphUragalua), 
Hyopotamus,  Hycenodon,  Microchcsrus,  and  Xiphodon,  Be- 
sides these  some  Eocene  forms  continued  to  exist,  such  as 
Pdlceotheriwn,  Dichodon,  Dichohune,  and  Hyracotherium. 

Adapts  is  a  remarkable  creature  which  is  said  to  have 
relations  with  the  hoofed  quadrupeds,  insectivores,  and  the 
lemurs,  and  may  therefore  be  the  ancestor  of  the  monkey 
tribe. 


Fig.  113.    Mammals  of  the  Oligocene  Beds. 

3.  PalsBotheriam  minus. 

4.  Anoplotherium  commune. 


1.  Xiphodon  gracile. 

2.  Palseotherium  magnum. 


AnchUhervwm  is  regarded  as  the  ancestor  of  the  horse, 
but  had  three  hoofs  on  each  foot,  and  was  no  larger  than  a 
sheep  or  Shetland  pony. 

Anoplotheriv/m  and  ArUhracotherivan  were  Ungulates  of 
comprehensive  types,  i.e.,  combining  the  structural  cha- 
racters of  many  different  modem  genera,  such  as  hippo- 
potamus, rhinoceros,  pig,  and  horse.  Of  the  first,  five 
species  are  known,  the  largest  being  about  the  size  of  an 
ass,  but  having  a  very  long  and  thick  tail,  which  may  have 
assisted  him  in  swimming  like  that  of  the  otter  (see  fig.  114). 
Of  AfUhrcuiotheTivmi  seven  species  are  known,  varying  in 
size  from  the  size  of  a  hog  to  that  of  a  hippopotamus. 
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CaimotheritMn  and  Darcatherium  were  small  hornless 
forms  of  deer  allied  to  the  Chevrotains. 

Hyopotwmua  was  a  water-hog ;  Chceropota/mus  and  Mi- 
eroekoeruB  being  also  hog-like  creatures.  Hyamodon  was  a 
camiYore,  with  teeth  like  the  Marsupial  Thylacinus  or  Tas- 
manian  wolf,  and  it  doubtless  preyed  on  the  Yegetable 
feeding  Ungulates.  Xiphodan  was  an  ancestral  form  of 
deer,  and  like  Dichohune  was  without  any  horns. 


Fossils  of  the  Headon  Group 

(Marine  beds). 

Actinozoa, — ^Madrepora  Solanderi,  Balanophyllia  granu- 
lata,  Solenastrssa  gemmans,  S.  Kseneni. 

Lamellibranchs, — Ostrea  flabellula,  0.  Yentilabrum,  Cj- 
therea  incrassata,  Cardita  deltoidea,  Corbula  cuspidata, 
Psammobia  compressa,  Ps.  solida  (rudis). 

Oasteropoda, — Pisania  (Buccinum)  labiata,  Murex  sex- 
dentatus,  Pleurotoma  Headonensis,  AnciUaria  subulata, 
Cancellaria  muricata,  Voluta  spinosa,  Y.  decora,  Neritina 
concaYa. 

(Brackish  and  freshwater  beds.) 

Plants. — ^Typha  sp.,  Chara  Lyellii. 

LameUibranchs, — Oyrena  oboYata,  C.  cycladiformis,  TJnio 
Solandri,  Potomomya  plana,  P.  gregaria. 

Oasterapoda. — Potamides  (Cerithium)  concaYus,  P.  y^i- 
tricosus,  P.  cinctus,  Melanopsis  broYis,  M.  fusiformis, 
LimnsBa  longiscata,  L.  fusiformis,  Planorbis  euomphalus, 
P.  lens. 

Bftpiilea. — Grocodilus  HastingsisB,  Alligator  Hantonensis, 
OaYialis  Dixoni,  Emys  crassus,  Trionyx  marginatus,  and 
five  other  species. 

Mammals, — Pal»otherium  parYum,  P.  annectens,  Di- 
chodon  cuspidatus,  Dichobime  cervinum,  Anoplotherium 
commune,  Microchoerus  erinaceus. 


Tig.  1 1 5.    Oligocene  Fouili. 

1.  Fotoiiioin7>  gTsgiris.  8.  Fotunidai  plioMni. 

3.  PoUmidei  coDCKTUi,  9.  Potomidcs  Teotnoosiu. 
8.  Ueluupai*  fnoifonnui.  10.  AQuplotfaerinin  omuDoae  (canine)^ 

4.  MeUnopui  brerii.  II.  PftbeMbMinm  mediam  (iDoUr). 
fi.  NeriCiiiB  ooncKTft.  13.  Palaothariiim  mioiu  (lower  jtw). 

6.  Metuunwu  oniute.  13.  Duhobnne  oerrinam  (looth). 

7.  Haliz^oboMU 


Fig.  IIG.     Oligocene  FomiIb. 
Flanorbu  euomphalas.  S.  Achfttim  cMlellatft. 

Flutoibii  obtniua, 

Limiuea  loDgiscata, 
limuM  fusiforaiB. 


NEOZOIC    BOCKS.  [PA.ET  1 


Fossils  of  the  Brimbridge  Group. 

PIa«i«.— Flabellaria  lamanoais,  Chara  Lyellii.  Oh.  medi- 
cagiuula. 

LaTTteUibraneJu. — Cyrena  pulchra.  C.  semiatriata,  Ostrea 
Tecteneia. 

Oasteropoda. — Melania  rouricata,  M.  eicavata,  M.  tmii- 


Fig.  117.    Fl&belUri*  lAmtnonii  (^). 
From  ihe  Bembridge  Beds. 

tiSBima,  MelanopsiB  carinata,  Cerithium  mutabile,  Tjimnsa 
longiacata,  Paludina  lenta,  P.  orbiculartB,  PlanorbU  discuB, 
P.  obtuBua,  P.  rotundatus,  Bulimue  ellipticus,  Achatina 
costellata,  Helix  globoatiB.  H.  d'TJTbani,  CyclotUB  ductus. 
Reptile*. — Trionjx  incrassatua. 
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Mamnuila.  —  Anoplotherium  commune,  PalsBotherium 
crassum,  P.  magnum,  Ohceropotamus  Cuyieri,  Dichobune 
cervmum. 


Fossils  of  the  Hempstead  Group. 

Plants. — Chara  helicteres,  Ch.  tuberculata. 

Crustacea, — Candona  Forbesii,  Cytheridea  MuUeri. 

LctmeUibranchs. — Ostrea  callifera,  Corbula  subpisum,  C. 
Tectensis,  Panopsea  Heberti  (minor),  XJnio  Austeni,  Lucina 
Thierensi. 

Oasteropoda. — Cerithium  elegans,  C.  plicatum,  Natica 
labellata,  Bissoa  Chastelii,  Voluta  Bathieri  (Forbesii),  Ne- 
matura  parvula. 

Reptiles. — ^Trionjrx  incrassatus. 

Mammals. — Hjopotamus  bovinus,  H.  vectianus. 


Stratigraphy. 
Britain. 

The  Headon  Series  was  subdivided  by  Professor  Forbes 
into  lower,  middle,  and  upper  stages,  the  first  and  third 
being  brackish  and  freshwater  beds,  and  the  second  contain- 
ing marine  fossils : — 

The  Lower  Headon  Beds  are  &7  feet  thick  at  Headon 
HiU,  in  Alum  Bay,  but  only  4f0  in  WhiteclifE  Bay  at  the 
east  end  of  the  Isle  of  Wight.  They  consist  chiefly  of 
greenish  clays  with  beds  of  sand  and  thin  bands  of  fi^sh- 
water  limestone ;  Limnoea  longiscata,  L.  cavdata,  Planorhis 
euomphalus.  PI.  lens,  Paludina  lenta,  Cyrena  cychidiformis, 
and  TJnio  Solandri  are  common  fossils. 

At  Hordwell  Cliff,  on  the  coast  of  Hampshire,  the  thick- 
ness of  the  Lower  Headon  is  variously  estimated  at  ^^  and 
83  feet ;  certain  of  the  beds  have  yielded  many  mammalian 
and  reptilian  remains.' 

The  Middle  Headon  are  only  30  feet  thick  at  Headon^ 

*  See  Tawney  and  Keeping,  "  Quart.  Journ.  Geol.  Soc,"  yoI.  zzxix. 
p.  566. 
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and  23  feet  at  Colwell  Bay,  but  at  these  localities  thej  con- 
sist chiefly  of  clays,  while  at  WhitecHff  Bay  thick  beds  of 
sand  are  interstratified,  and  the  thickness  amounts  to  100 
feet.  At  Headon  the  fossils  are  principally  of  brackish- 
water  species,  Cerithium  concamim,  C.  ventricosum,  C  pseU' 
docinciurn,  and  NerUina  concava  being  abundant,  though 
the  central  part  contains  marine  fossils.  In  Colwell  Bay, 
to  the  north,  this  part  assumes  a  distinctly  marine  cha- 
racter, and  is  known  as  the  "  Venus  bed,"  from  the  presence 
of  Cytherea  incrassata;  oyster  banks  composed  of  Oairea 
Jlahellula  also  occur,  together  with  Nuctda  aimilis,  Cyrena 
ohovata,  Murex  sexdentatus^  Valuta  spinoaa,  &c. 

At  Whitecliff  Bay  the  marine  character  is  still  more 
strongly  marked,  and  the  lower  clay  beds  contain  a  peculiar 
fauna,  with  some  species  that  are  only  elsewhere  found  at 
Brockenhurst  in  Hampshire  (New  Forest). 

The  Brockenhurst  Beds  are  entirely  marine,  and  contain 
a  large  number  of  marine  univalves,  bivalves,  and  corals, 
of  which  the  following  are  some:  Valuta  9pino8a,  Conus 
dormiior,  CanceUaria  ehngaia,  Pleurotoma  transvenaria, 
Cardita  deUoidea,  Cytherea  incrassata^  Corhula  cuspidcUa, 
and  six  species  of  Solenastrea,  There  has  been  much  dis- 
cussion about  the  exact  horizon  which  these  beds  occupy  in 
the  Headon  series.'  All  are  agreed  that  they  correspond 
with  the  Middle  Headon  of  Whitecliff  and  Colwell  Bays, 
and  if  this  is  the  same  as  the  marine  band  of  Headon  Hill, 
their  position  is  clear;  but  Professor  Judd  expresses  his 
opinion  that  the  **  Venus  bed  "  of  Colwell  Bay  ov^lies  the 
Upper  Headon,  and  that  the  Brockenhurst  Beds  are  there^ 
fore  a  separate  group  lying  between  the  Headon  and  the 
Bembndge  groups.  This  view,  however,  has  not  been  sup- 
ported by  subsequent  writers,  most  of  whom  endorse  that 
of  Professor  Forbes  and  the  Geological  Survey. 

The  Upper  Headon  Beds  are  about  80  feet  thick  at  the 
western  end  of  the  island;  at  Headon  Hill  they  include 
several  thick  beds  of  limestone,  which  form  conspicuous 
objects  in  the  cliff,  and  are  crowded  with  fossils  of  fresh- 
water genera,  Limn<Baf  Planorbie,  Palvdina,  and  BUhynia ; 
these  Hmestones,  however,  are  quite  local,  thinning  out 

>  Jndd,  "  QduI.  Joarn.  Geol.  Soc.,'*  toI.  zzxTi.  p.  187 ;  Tftwaey 
and  Keeping,  op.  ciL,  yoI.  zxzTii.  p.  85. 
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rapidlj  to  the  north  and  east,  and  onlj  one  such  bed  is 
found  at  Colwell  Bay.  At  Whitecliff  the  beds  measure 
only  41  feet,  and  consist  entirely  of  greenish  clays  and 
sands ;  similar  beds  are  found  at  Nofris  and  East  Cowes, 
on  the  north  coast  of  the  island.  The  principal  fossils  of 
this  stage  are  Melania  muricata,  Cerithium  lepidumy  Cer, 
margaritcLceum,  Cyrena  ohovcUa,  and  Potonwmya  plana, 

Bembridge  Group. — ^The  lower  beds  of  this  group  were 
originally  included  by  Webster,  1816,  with  the  Upper 
Headon  Beds,  but  were  separated  by  Professor  Forbes  in 
1853,  under  the  name  of  the  St.  Helen's  Beds,  afterwards 
changed  to  "  Osborne  Beds.**  Under  the  latter  name  they 
are  described  in  the  "  Memoirs  of  the  G-eological  Survey," 
and  have  received  a  separate  colour  on  the  map,  but  as  the 
fossils  they  contain  are  not  distinctive,  and  as  they  are  never 
more  than  70  feet  thick,  they  are  certainly  not  entitled  to 
rank  as  a  primanr  division.  Mr.  Keeping  agrees  with 
Webster  in  considering  that  they  are  more  closely  con- 
nected with  the  underlying  Headon  Beds,  but  Professor . 
Judd  groups  them  with  the  overlying  Bembridge  group, 
under  the  name  of  Lower  Bembridge  marls.*  Until  this 
point  is  settled  by  competent  observers,  I  adopt  Professor 
Judd*s  classification,  though  not  his  thicknesses.  The 
Bembridge  group  then  consists  of  three  members,  as 
below : — 

Headon.  Whitecliff. 

3.  Upper  marls  not  seen  130  ? 

2.  Bembridge  limestone  15  25 

1.  Lower  marls  60        .  90 

The  lower  or  Osborne  marls  at  Headon  Hill  and  Col- 
well Bay  consist  of  blue  and  red  marls  with  calcareous 
concretions,  but  few  fossils.  At  Whitecliff  Bay  they  con- 
sist of  dark  green  clays  and  sands,  but  are  much  concealed 
by  landslips,  and  the  best  sections  occur  along  the  north- 
eastern coast  from  Osborne  to  Nettlestone  Point;  here, 
however,  they  assume  a  very  different  facies,  the  lower  20 
feet  consisting  of  marls,  with  bands  of  hard  yellowish  sandy 
ragstone  and  shell  limestone  full  of  Paludina  lenta  and 

*  "  Quart.  Jonm.  Geol.  Soc.,"  vol.  xxxri.  p.  169. 
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Melania  excavata  (Nettlestone  Beds)  ;  the  upper  50  feet 
consisting  of  green  and  yellow  sands  alternating  with  marls 
and  clays  of  white,  green,  and  yellow  tints  (St.  Helen's 
Sands),  well  seen  at  Priory  Point,  where  they  contain  Ife- 
Icmia  excavata,  Planorbis  ohtusvSf  Limncea  hngiscaia,  and 
Cyrenoe. 

The  Bembridge  limestone  is  a  cream-coloured  stone  with 
interstratified  marls ;  sometimes  it  is  compact,  sometimes 
qtiite  tuf  aceous  and  concretionary ;  it  is  quarried  at  Headon 
HiU,  at  Sconce  near  Cliff  End,  and  at  Binstead  near  Byde, 
and  it  is  also  exposed  at  Bembridge  Point  and  in  Whitecliff 
Bay.  Its  contents  are  terrestrial  and  freshwater,  many 
species  of  Hdix,  Bulimus,  Achatina,  Cycloiti8,ClansUia,  Lim- 
nasa,  Planorbis,  and  PoZ^^tTia  occurring,  with  oviform  bodies 
which  are  supposed  to  be  the  eggs  of  the  large  BtUimi ; 
stems  and  seeds  of  Chara  are  common,  and  mammalian 
remains  are  found  in  the  Binstead  quarries. 

The  upper  or  Bembridge  marls,  as  described  by  Professor 
Forbes,  were  limited  to  the  60  feet  of  deposits  which  over- 
lie the  Bembridge  limestone,  but  as  this  classification  ne- 
cessitates drawing  a  line  in  the  midst  of  freshwater  strata 
without  any  corresponding  change  in  the  fauna,  Professor 
Judd  proposes  to  extend  their  range  up  to  the  horizon 
where  the  marine  Hempstead  species  be^  to  appear.  The 

typical  section  at  Hempstead  is  as  follows : — 

Feet. 
3.  Bluish  grey  shales  and  marls       ....       70 
2.  Band  of  black  carbonaceons  clay ....        2 
1.  Blue  and  green  marls  and  clays  ....       62 

The  lower  beds  contain  PaZudina  lerUa,  Melania  muricata, 
and  M.  turritissima  in  abundance,  with  Melanopsis  car%n€tta, 
Oyrena  pulchra,  and  C.  semistriata ;  most  of  these  occur 
also  above  the  black  band  associated  with  Hydrobia 
Chagtelii, 

At  Whitecliff  Bay  there  are  variegated  red  and  green 
marls,  with  layers  of  sand  and  a  bed  of  sandy  freshwater 
limestone  containing  Bulimtis  and  Achatina,  about  50  feet 
above  the  Bembridge  limestone ;  above  this  are  similar 
marly  beds  for  40  feet,  but  no  sign  of  the  Hempstead 
"  bla<jk  band." 

The  Hempstead  Beds  as  now  limited  are  only  105 
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feet  thick,  but  may  originally  have  been  very  much  thicker, 
as  they  are  only  exposed  at  one  locality,  Hempstead  or 
Hamsted,  near  Yarmouth,  and  their  top  is  not  seen.  Their 
base  is  marked  by  a  shelly  layer  from  1  to  4  feet  thick, 
which  is  conspicuous  in  the  cliff,  and  is  known  as  the 
"  white  band."  This  layer  is  a  compacted  mass  of  shells, 
broken  and  perfect,  and  a  great  part  of  it  consists  of  single 
valves  of  Cyrena  semistriata ;  with  this  are  CerUhium  Sedg- 
wiehii,  C  inomatumif  Melania  fasciata,  Hydrohia  Chastelii, 
and  Panopcea  minor ;  bones  of  fish  and  teeth  of  Hyopota* 
mvs  hovintiB  also  occur. 

The  white  band  is  overlain  by  40  feet  of  yellow  and 
green  marls  without  fossils,  succeeded  by  shales  and  clays 
with  Unios  and  Paludina  lenia.  Above  these  are  beds  of 
more  estuarine  origin,  containing  CerUhivm,  plieaitum,  Cer, 
elegana,  and  Corhula  vectensis,  associated  with  Hydrohia^ 
Melania,  and  Cyrena. 

The  highest  beds,  of  which  only  10  or  15  feet  are  seen, 
consist  of  brown  and  greenish  clay,  and  contain  a  purely 
marine  fauna  (see  list  on  p.  467)  ;  they  are  often  called  the 
"  Corbula  Beds  "  from  the  abundance  of  Corhula  jpisum  and 
0.  vecien»i8. 

The  only  other  place  where  Hempstead  Beds  occur  is  at 
Parkhurst  Forest,  north-east  of  Newport,  but  this  outlier 
has  not  yet  been  explored. 

Peance. 

The  following  is  a  tabular  view  of  the  Oligocene  succes- 
sion in  the  Paris  basin. 

(Calcaire  de  la  Beauce,  a  freshwater  limestone,  replaced 
towards  the  north  by  the  millstones  of  Montmorency — 
hard  siliceons  cellular  limestones. 
Gr^s  de  Fontainebleau,  hard  sandstones. 
(Sables  de  Fontenay,  yellow  sands. 
Marls,  with  oyster-beds  (0.  longirostris  and   0.  cyathula), 
with  the  Calcaire  de  Brie  at  the  base. 
Green  marls,  with  Cerithium  plicatum. 
(Bine  and  white  marls  (few  fossils). 
Lacustrine  gypsum,  containing  mammalian  remains. 
Marine  gypsum  and  marls. 
Green  sanos  of  Monceaux  (Cerithium  Cordieri). 
Calcaire  de  St.  Ouen,  a  freshwater  limestone. 
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Authorities  differ  as  to  the  base  line  of  the  system, 
and  the  beds  below  the  lacustrine  gypsum  are  referred  by 
some  to  the  Eocene ;  they  contain  CeirUhium  tricarinaiwfii, 
C.  pleurotomoides,  Turritella  incerta,  Pholadomya  Ituiensis, 
Crassatella  Deamaresti,  <fcc.,  and  may  perhaps  be  regarded 
as  passage  beds  between  Eocene  and  Oligocene.  A  similar 
passage  occurs  at  Hordwell  in  Hampshire,  and  some  of  the 
same  fossils  occur  there.  The  gypsum  of  Montmartre  has 
yielded  no  less  than  fifty  species  of  mammalia  (Anoplo- 
therium,  PaUeotherium,  Hycenodorif  <fcc.).  Whether  the 
Fontainebleau  sandstone  should  be  classed  as  Upper  or 
Middle  Oligocene  is  a  moot  point,  but  M.  Dollfuss  classes 
it  as  above. 

The  Plateau  de  la  Beauce  is  a  broad  table-land,  lying  be- 
tween the  basins  of  the  Seine  and  the  Loire,  and  is  formed 
by  the  freshwater  limestones  and  marls  of  the  Calcaire  de 
la  Beauce ;  these  beds  attain  a  thickness  of  80  feet,  and 
were  evidently  deposited  in  a  wide,  though  probably  shal- 
low lake. 

Still  more  extensive  lakes  existed  in  central  France 
throughout  the  Oligocene  period,  and  have  left  their 
monuments  in  the  lacustrine  strata  of  Auvergne,  Cantal, 
and  Velay.  The  northernmost  of  these  lakes  occupied  the 
valley-plain  of  the  Allier,  formerly  known  as  the  Limagne 
d* Auvergne ;  the  average  breadth  of  this  tract  is  twenty 
miles,  and  its  length  from  near  Nevers  to  Brioude  nearly 
100  miles ;  it  consists  of  nearly  horizontal  strata  of  sand- 
stone, marl,  and  limestone,  which  often  rise  into  low  hills 
capped,  by  fragments  of  ancient  lava-streams  (see  "  Physical 
Gheology,"  p.  393,  and  Plate  11.) ;  this  tract  is  bounded  on 
either  side  by  lofty  hills  of  granite  and  gneiss,  which  rise 
to  a  height  of  1,600  feet  above  the  plain,  and  3,000  feet 
above  the  sea,  while  the  western  ridge  supports  a  chain  of 
volcanoes,  whence  lava-streams  flowed  from  time  to  time 
into  the  valleys  below.  The  deposits  of  the  plain  exhibit 
the  following  succession : — 

Feet. 
Laminated  marls,  with  gypsum        .         .         about       50 


Limestones  and  marls 
Laminated  green  and  white  marls    . 
Red  marls,  sandstones,  and  comstones 
Congbmerates  and  sandstones . 


200 
700 

variable. 

variable. 
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But  these  beds  cannot  all  be  seen  in  one  locality ;  the 
arenaceous  strata  are  probably  thickest  near  the  margins 
of  the  ancient  lake,  wlule  the  marls  and  limestones  consti- 
tute a  central  deposit  which  is  about  1,000  feet  thick.  The 
lowest  beds  contain  few  fossils,  but  bones  of  Palceotherium 
have  been  found ;  the  marls  have  yielded  a  large  assemblage 
of  fossils — Ungulates,  Camivora,  Rodents,  Opossums, 
Birds,  Crocodiles,  Tortoises,  and  Snakes,  with  numerous 
land  and  freshwater  moUuscs ;  small  Ostracod  Crustacea 
(Cyjpridea)  also  abound  in  the  marls. 

Some  of  the  limestones  are  oolitic,  others  are  entirely 
made  up  of  the  cases  of  caddis-worms  cemented  together 
by  calcareous  matter,  and  in  the  Cantal  there  is  a  chalky 
limestone  containing  siliceous  nodules  like  our  flints. 

Judging  from  the  succession  of  mammalia  in  this  lacus- 
trine series,  deposition  appears  to  haye  commenced  in 
Lower  Oligocene  times,  and  to  have  continued  uninterrup- 
tedly through  the  Miocene  and  Pliocene  epochs,  for  the 
higher  beds  contain  Mastodon,  Dinotherium,  Tapirvs,  Ac. 


Beloium. 

Oligocene  beds  are  found  near  Antwerp,  and  again  near 
Maestricht  and  Tongres  in  Belgium,  and  exhibit  a  more 
continuous  series  of  marine  deposits  than  in  England  or 
France,  though  they  do  not  appear  to  extend  over  the 
whole  period  of  Oligocene  time.  Belgian  geologists  re- 
cognize two  groups,  termed  respectively  Tongrian  and 
Supelian. 

The  Tongrian,  as  limited  by  Mourlon,'  consists  of  sands 
(20  to  60  feet)  with  an  abundant  marine  fauna,  many  species 
occurring  also  in  our  Brockenhurst  Beds,  such  as  Ostrea 
ventilabrum,  Voluta  decora^  Cytherea  Solandri,  so  that  they 
doubtless  correspond  to  the  middle  and  upper  part  of  our 
Headon  group. 

The  Bupelian  has  at  the  base  green  marls  (Henis  clay), 
containing  fossils  of  freshwater  and  terrestrial  genera,  Me- 
lania,  Pla/norbis,  Limncea,  Cyclostomay  Succinea,  and  Pupa; 

*  **  G^logie  de  la  Belgique,"  p.  249. 
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above  these  are  marls  and  sands  with  estuarine  fossils  (the 
CerUhium  sands  of  Klein  Spawen  and  Bergh),  containing 
Cer,  elegans,  Cer.  pliccutum,  Cyrena  semistriata',  Pectunculue 
ohovaiuB,  and  Pecten  H^eninghausi,  &c.  These  fluyiomarine 
beds  have  a  thickness  of  about  30  feet.  They  are  succeeded 
by  a  stiff  sandy  clay  with  septarian  nodides,  and  some- 
what resembling  the  London  Clay  in  general  aspect ; 
its  fossils,  however,  are  different,  the  commonest  being 
NtMyida  campta  (Leda  LyeUiana)  ;  others  are  Corhula  syb^ 
pisum,  CanceUaria  emilsat  Cassidaria  depressa,  and  Aturia 
ziczaCy  the  last  being  a  deep  sea  form  surviving  from  the 
Lower  Eocene ;  teeth  of  sharks  (Lamna  contartidens,  Carcha- 
rodon  angustidens,  <&c.)  also  occur.  This  clay  attains  a 
thickness  of  120  feet,  and  even  more  in  some  places ;  near 
Looz  the  upper  part  is  replaced  by  white  sands. 

The  Rupehan  appears  to  be  the  equivalent  of  our  Bern- 
bridge  and  Hempstead  Beds,  and  nothing  corresponding  to 
the  Upper  Oligocene  of  France  is  found  in  Belgium  (see 
table  on  opposite  page). 

Switzerland. 

An  immense  lacustrine  area,  sometimes  invaded  by  the 
sea,  existed  in  Switzerland  during  Oligocene  and  Miocene 
times,  the  strata  accumulated  within  its  limits  attaining  a 
thickness  of  7,000  or  8,000  feet. 

"  Nothing,"  says  Jukes,  "  is  more  calculated  to  strike  the 
geological  traveller  on  his  first  visit  to  Switzerland  than 
the  vast  deposit  of  the  *  Molasse,'  occupying  the  central 
region  between  the  Alps  and  the  Jura.  This  is  the  coimtry 
of  the  great  lakes,  extending  from  that  of  Geneva  to  that 
of  Constance.  The  hills  by  which  these  lakes  are  environed 
have  all  the  rugged  and  broken  character  of  mountains, 
and  rise  in, peaks  of  various  altitudes  up  to  that  of  6,050 
feet,  which  is  the  height  of  Rhigi  Kulm.  These  hills  which, 
if  they  were  not  overshadow^  by  the  still  loftier  Alps, 
would  themselves  be  celebrated  mountains,  are  composed 
from  top  to  bottom  of  beds  of  sand  and  gravel,  occasion- 
ally compacted  into  sandstones  and  conglomerate,  of  more 
recent  origin  than  the  newest  beds  of  the  Isle  of  Wight."* 

^  Jukes'  "  Mfinual  of  Geology,''  second  edition,  p.  662. 
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The  lowest  beds  are  marine,  and  contain  the  same  fossils 
as  the  lower  Rupelian  beds  of  Belgium,  but  have  no  great 
thickness ;  these  are  overlain  by  the  "  red  molasse,"  which 
consists  of  red  conglomerates,  sandstones,  and  marls,  and 
attains  a  thickness  of  6,000  feet ;  from  these  beds  a  large 
number  of  plant  remains  have  been  collected,  including 
species  of  Sequoia,  alders,  birches,  figs,  laurels,  cinnamon- 
trees,  and  evergreen  oaks. 


Physical  Geography. 

The  gradual  upheaval  of  the  British  area,  which  took 
plaoe  at  the  close  of  the  Cretaceous  epoch,  continued  until 
the  greater  part  of  our  islands  were  raised  above  the  leTel 
of  the  sea,  and  once  more  became  part  of  a  continent  which 
stretched  far  westward  and  souUiward  of  their  present 
limits.  In  imagining  the  aspect  of  this  land  we  muBt 
remember  that  a  large  part  of  it  was  the  upraised  bottom 
of  the  Cretaceous  ocean,  and  though,  doubtless,  portions  of 
the  Chalk  were  removed  by  erosion  during  upheaval,  es- 
pecially those  which  bordered  the  rising  coast-lines  of 
Wales  and  other  hilly  districts,  yet  we  must  suppose  that 
the  great  sheets  of  chalk  which  occupied  the  intervening 
tracts  would  escape  total  destruction,  and  would  form 
plains  imiting  Wales  to  the  Pennine  range  and  Ireland  to 
England  and  Scotland.  The  Jurassic  rocks  must  have 
been  entirely  concealed,  and  the  strata  exposed  to  subaerial 
waste  would  be  the  Chalk  and  the  Pale&ozoic  rocks  of  what 
we  may  call  the  western  and  northern  highlands. 

The  upheaval  does  not  seem  to  have  been  quite  a  imi- 
form  movement,  but  to  have  been  more  rapid  in  the  west 
and  north  than  in  the  south-east,  and  it  is  doubtful  whether 
the  extreme  south-eastern  part  of  England  was  ever  raised 
into  dry  land  before  the  deposition  of  the  Lower  Eocenes ; 
and  if  it  were,  the  time  that  it  remained  above  water  was 
probably  very  short.  Moreover,  the  east  and  west  anti- 
clinal axes  of  the  Weald  seem  to  have  been  initiated  during 
the  formation  of  these  Eocenes,  for  the  Woolwich  Beds 
overlap  the  Thanet  Sands  southward  as  well  as  westward, 
and  the  Oldhaven  Pebble-beds  overlap  all  the  underlying 
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deposits  so  as  to  rest  directly  upon  the  Chalk  near  the 
edge  of  the  North  Downs ;  hence,  as  Mr.  Whitaker  re- 
marks,^ "  one  is  warranted  in  concluding  that  the  planing 
down  of  the  Chalk  that  once  spread  over  the  Wealden 
tract  began  in  Lower  Eocene  times,  and  that  the  pebble 
beds  of  Bromley,  Blackheath,  &c.,  are  one  of  the  direct 
results  of  that  denudation."  There  are  also  traces  of 
another  east  and  west  axis  along  the  52nd  parallel  of 
latitude  in  the  eastern  trend  of  the  Jurassic  escarpment, 
and  in  the  remarkable  fault  along  the  Chalk  escarpment 
near  Bojston. 

It  would,  therefore,  appear  that  the  Lower  London 
Tertiaries  were  deposited  in  a  gulf  or  estuary  which  opened 
eastward  into  a  Belgian  sea  and  narrowed  westward  to- 
ward Wales,  and  that  it  received  the  waters  of  a  river 
flowing  from  the  west,  — a,  river  that  may  have  occupied 
the  valley  of  the  Bristol  Channel  and  was,  doubtless, 
swollen  by  powerful  affluents  from  the  Welsh  mountains. 
Li  the  estuarine  Woolwich  Beds,  with  their  lignites  and 
fossiliferous  days,  we  have  part  of  the  delta  of  this  river, 
while  the  marine  sands  of  Kent  seem  to  have  been 
arranged  by  the  currents  of  the  sea  into  which  it  flowed. 

Professor  Prestwich  and  Mr.  J.  S.  Gardner  agree  in  think- 
ing that  there  was  a  considerable  extent  of  open  sea  to  the 
east  and  north-east  of  England,  and  that  much  of  the 
Channel  area  and  of  central  France  was  land  during  early 
Eocene  times,  the  land  being  continuous  across  the  space 
between  Brittany  and  Cornwall,  so  that  the  northern  sea 
was  entirely  cut  ofE  from  communication  with  the  warmer 
seas  of  more  southern  regions.  Professor  Prestwich  has 
also  suggested^  that  the  fauna  of  the  Lower  Eocene  had  a  yet 
older  existence  in  a  more  northern  province,  the  generic 
forms  of  a  north  temperate  region  spreading  southward 
along  the  shores  of  this  sea,  and  giving  a  more  recent 
aspect  to  the  Lower  Eocene  fauna  as  compared  with  that 
of  the  Middle  Eocene,  when  geographical  changes  led  to 
the  introduction  of  a  fauna  from  the  more  southern  seas. 

Another  gulf  of  this  northern  sea  seems  to 'have  ex- 

'  *<  Geology  of  the  London  Basin,  Mem.  Geol.  Surrey,"  toI.  vrl 
p.  241. 

a  '•  Quart.  Jouni.  Geol.  Soe.,"  Address  for  1871,  p.  56. 
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tended  into  the  north  of  France  and  to  have  touched  our 
southern  shores,  unless  the  Plastic  Clay  of  the  Isle  of 
Wight  is  a  lacustrine  formation.  Northern  France  at  this 
time  probably  exhibited  a  network  of  shallow  seas  and 
lagoons  with  intervening  tracts  of  land. 

It  is  clear  that  during  the  deposition  of  the  London 
Clay  considerable  depression  took  place,  and  that  the  gulf 
above  indicated  was  greatly  broadened,  especially  in  a 
south-westerly  direction,  through  E[ampshire  and  Dorset, 
toward  the  opening  of  the  English  Channel ;  it  did  not, 
however,  eitend  to  the  Paris  area,  where  no  marine  beds 
of  this  age  occur.  This  sea  received  the  detritus  of  ilie 
western  land  which  the  great  river  above-mentioned  con- 
tinued to  pour  into  it ;  the  fossils  of  the  London  Clay  in 
the  E[ampshire  Basin,  Pinna,  Panopcsa,  Tutritella,  &c.,  indi- 
cate a  shallow  sea  with  an  average  depth  of  10  to  20  feet, 
and  seldom  attaining  one  of  30  or  40  feet,  but  in  the 
eastern  part  of  the  London  Basin  its  depth  has  been  esti- 
mated at  100  fathoms  (600  feet).  "  Throughout  the  de- 
position  of  the  London  Clay  the  subsidence  of  the  sea-bed 
must  have  been  quiet  and  gradual.  The  marine  fauna, 
although  still  seen  by  comparison  with  those  of  succeeding 
beds  to  be  relatively  temperate-looking,  and  to  belong  to 
the  Northern  sea,  has  a  far  more  torrid  aspect.  This  is 
owing  to  a  warmer  period  having  set  in,  produced  probably 
by  the  rise  of  land  between  England  and  North  America, 
which,  there  is  evidence  to  show,  took  place  about  this 
time,  and  completely  shut  off  the  cold  Arctic  currents. 
The  temperature  of  the  sea  thus  increased,  doubtless 
acted  upon  the  land,  and  enabled  a  tropical  and  most 
luxuriant  and  varied  fauna  and  flora  to  migrate  thither 
and  become  established.  Myriads  of  fruits  and  seeds,  and 
the  bones  of  many  species  of  turtle  and  crocodile,  whose 
habits  would  cause  them  to  be  buried  in  such  a  position, 
as  well  as  of  snakes,  birds,  &c.,  are  found  at  Sheppey  just  as 
they  were  stranded  and  buried  in  the  delta-mud  of  the 
great  Western  river."  ^ 

In  the  succeeding  deposits  of  the  Lower  Bagshot  group 
we  have  proof  of  the  silting  up  of  this  gulf,  the  more  western 

'  Gardner  in  "  Proc,  Geol.  Aaaoo,,**  toI.  tI.  p.  93. 
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beds  of  Corfe,  Studland,  and  Alum  Bay  haying  been  accu- 
mulated, according  to  Mr.  Gardner,  in  a  wide  valley  or 
shallow  lake,  and  he  remarks  that  "  the  complexity  of  the 
stratification  suggests  that  two  riyers  united  in  this  yalley, 
and  shows  plainly  that  the  waters  must,  in  any  case,  have 
been  rapid  at  times,  and  subject  to  periodical  fluctuations 
of  volume/*  He  gathers  also,  "  from  the  absence  of  lignites 
in  some  parts  of  the  series,  that  there  were,  in  the  upper 
parts  of  the  river,  lakes  such  as  those  of  Bovey  Tracey, 
which  intercepted  drifting  timber  ;  its  abundance  in  other  . 
beds  marking  the  time  when  these  had  been  filled  in  *' 
(loc.  cit.,  p.  95).  The  total  absence  of  flints  seems  to  show 
that  no  chalk  was  then  exposed  to  the  westward  of  this 
area,  and  the  materials  of  the  pipe-clays  are  clearly  derived 
from,  the  detrition  of  granitic  rocks  such  as  occur  in  Devon 
and  Cornwall. 

"  In  the  Bournemouth  Beds  we  have  deposits  of  the  same 
river,  but  in  a  more  open  and  level  valley,  and  in  closer 
proximity  to  the  sea.  In  all  the  lower  or  freshwater  series 
we  have  no  sign  of  the  presence  of  sea  water,  and  when  we 
do  fiind  it  in  the  higher  beds  to  the  east,  it  is  not  that  the 
river  deposits  encroached  there  on  the  sea,  but  that  the 
land  gradually  sank,  and  allowed  the  sea  to  cover  them." 

"It  is  of  great  interest  to  trace  through  these  beds  the 
change  from  a  comparatively  upland  flora  to  a  valley,  and 
then  to  a  swamp  flora ;  to  follow  out  the  lowering  of  the 
land  until  it  became  sea ;  to  trace  the  sea,  first  trickling  in, 
as  it  were,  and  forming  lagoons,  then  overwhelming  the 
mud  deposits  formed  by  these  lagoons,  with  shingle  and 
sand ;  to  realize,  in  fact,  the  actual  shore-line,  now  marked 
by  river  deposits,  full  of  plant  remains  on  one  side,  and  a 
sea  fauna  with  sharks'  teeth  on  the  other."  ^ 

The  contemporary  lacustrine  deposits  in  Devonshire 
(p.  458)  suggest  that  the  Teign  was  a  tributary  of  one  of 
the  rivers  which  entered  the  sea  near  Bournemouth. 
Dartmoor  and  the  Haldon  Hills  existed  then  as  now, 
and  the  outlet  of  the  Bovey  lake  appears  to  have  been  in 
the  direction  of  Torquay,  and  not  through  the  modem 
estuary  of  the  Teign.     From  Torbay  it  doubtless  ran  east- 

^  Gardner,  loc  cit.  p.  95. 
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ward  and  joined  the  waters  of  the  Eie,  the  united  streams 
continuing  to  pursue  an  eastward  course,  and  ultimately 
pouring  the  felspathic  and  arenaceous  detritus  deriyed 
from  the  Devonshire  hills  into  the  estuary  which  ran 
through  Dorset  and  Hants.- 

"  The  series  of  marine  beds  from  Bournemouth  to  High- 
clifE,  which  belong  to  the  Bracklesham  Beds,  are  the  shore 
deposits  of  the  Southern  sea.  The  Bracklesham  series 
proper  show  a  gradually  deepening  sea ;  for,  while  the  beds 
of  sand  which  are  preyalent  in  the  lower  stages  show 
shallow  water,  the  clay  beds  above  them  were  formed  in  a 
deeper  sea,  and  contain  deeper  water  moUusca.  In  compar- 
ing the  marine  f  aima  with  that  of  the  London  Clay,  its  very 
much  more  tropical  character  is  apparent.  Many  southern 
types  of  mollusca  abound  in  it  which  are  scarcely  repre- 
sented in  the  London  Clay.  Their  aspect  is  completely 
different,  and  though  separated  geologically  by  but  a  short 
interval  of  time,  hardly  any  species  are  common  to  both, 
while  the  lithological  characters  of  the  formation  are  widely 
and  persistently  dissimilar.  If  we  examine,  on  the  other 
hand,  the  terrestrial  fauna  and  flora  of  these  and  the  inter- 
vening strata,  we  see  that  no  increase  of  temperature  or 
change  had  taken  place  in  the  climate,  and  that  the  land 
was  still  inhabited  by  similar  groups  of  reptiles  and  plants. 
It  is,  therefore,  plain  that  the  sea  alone  had  changed,  and 
become  much  warmer,  for  depressions  had  enabled  the 
Southern  sea,  then  occupying  part  of  France,  to  advance 
and  to  overlap  to  a  small  extent  the  older  deposits."  ^ 

Coming  to  the  period  of  the  Barton  Clay,  Mr.  G^ardner 
continues,  *'  the  depression  which  lasted  throughout  the 
Bracklesham  period  was  prolonged  into  that  of  the  Barton 
Beds,  which  are  found  to  indicate  still  deeper  seas.  A  re- 
markable change  in  the  faima  almost  suddenly  took  place. 
We  see  an  influx  of  mollusca  of  a  comparatively  temperate 
aspect,  recalling  strongly  those  of  the  London  Clay,  many 
of  the  species  which  have  disappeared  in  the  intermediate 
Brackleshams,  reappearing  in  the  Barton  series. 

"  At  the  same  time  there  was  a  migration  of  the  more 
tropical  of  the  Bracklesham  forms,  including  all  the  larger 

^  Gardner,  loc.  cit.,  p.  96. 
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cones,  cowries,  bullae,  cerithia,  the  great  cardia  and  nummu- 
lites,  only  twenty-five  of  the  least  tropical-looking  mollusca 
remaining  to  mix  with  the  new  fauna.  This  can  only  be 
explained  by  the  mingling  of  the  waters  of  the  Northern 
and  Southern  seas,  due  to  the  temporary  submergence  or 
destruction  of  the  dividing  isthmus,  wluch  we  know  had 
already  become  extremely  narrow,  since  deposits  of  the 
older  seas  actually  overlapped  each  other  in  the  Isle  of 
Wight.  The  succeeding  TJpper  Bagshot  Sands  belong  to 
the  same  period,  and,  as  already  remarked,  do  not  neces- 
sarily indicate  change." 

The  succeeding  sands  indicate  a  shallowing  of  the  water, 
which  appears  to  have  been  produced  by  upheaval,  the  sea 
spaces  over  France  and  England  being  narrowed,  till  only 
the  deeper  portions  remained  to  form  the  estuaries  of  the 
great  rivers,  and  to  receive  the  estuarine  strata  of  the 
Oligocene  series. 

While  the  changes  above  described  were  taking  place  in 
the  south-east  of  England,  a  very  different  set  of  materials 
was  being  accumulated  in  the  north-western  part  of  the 
British  area,  which  was  the  scene  of  tremendous  volcanic 
eruptions  (see  p.  454).  Sheets  of  basaltic  lava  were  poured 
forth  from  several  volcanoes,  and  spread  over  a  region  of 
more  than  200  miles  in  length,  lying  between  the  western 
highlands  of  Scotland  and  the  outer  Hebrides,  and  stretch- 
ing southwards  into  the  north  of  Ireland.  Mr.  J.  S. 
Gardner  has  not  yet  completed  his  study  of  the  leaf -beds 
which  are  intercalated  between  some  of  these  lava-flows, 
but  he  has  recently  announced  that  he  was  arriving  at  the 
conclusion  that  they  extend  over  a  considerable  period  of 
time,  commencing  at  a  date  anterior  to  any  of  our  Lower 
Eocene  beds,  and  coming  down  to  the  epoch  of  the  Middle 
Eocene. 

The  denuded  stumps  of  some  of  the  volcanoes  which 
poured  forth  these  great  streams  of  lava  still  exist  in  Skye, 
Mull,  Bum,  St.JKyda,  andArdnamurchajQ.  The  volcanoes 
oTSkje  and  Mull  appear  to  have  been  on  a  grander  scale 
than  the  modem  volcanoes  of  Italy;  Professor  Judd 
estimates  that  the  base  of  the  Mull  volcano  must  have 
been  at  least  40  miles  in  circumference,  and  as  Etna,  from 
a  base  of  only  30  miles  in  circumference,  rises  to  a  height 

II.  I  I 
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of  10,900  feet  above  the  sea,  he  argues  that  if  there  was  a 
aimilar  relation  between  the  base  and  the  altitude  of  the 
Eocene  volcano,  the  latter  must  have  had  an  elevation  of 
at  least  14,500  feet.  Checking  this  by  another  calculation, 
founded  on  the  inclination  of  the  lava-beds,  he  finds  that 
it  could  not  have  been  less  than  10,000  feet  high.  To 
this  height  must  be  added  the  probable  elevation  of  the 
inland  tract  above  the  Eocene  sea,  and  this  may  have  been 
between  2,000  and  3,000  feet,  for  it  seems  certain  that 
Britain  was  united  to  North  America  by  way  of  the  Faroe 
Islands,  Iceland,  and  Greenland;  and  to  effect  such  a 
union  between  Scotland' and  Iceland  now  would  require  an 
elevation  of  500  fathoms. 

The  Eocene  plant  remains  found  in  Iceland  and  Green- 
land prove  this  northern  continent  to  have  had  a  temperate 
climate,  and  this  means  of  communication  explains  the  close 
connection  that  exists  between  the  American  and  European 
Eocenes,  both  as  regards  vegetable  and  animal  life. 

Oligocene  Times. — ^At  the  close  of  Eocene  time  the 
geography  of  the  British  area  seems  to  have  been  as 
follows: — there  was  sea  to  the  eastward  spreading  over 
Belgium  and  a  large  part  of  the  Gijrman  Ocean,  and  a 
smaller  shallower  sea  lay  over  the  south  of  England  and 
the  north  of  France,  commimicating  probably  with  the 
Belgian  sea  by  a  strait  between  the  Wealden  ridge  and 
the  Ardennes,  though  of  this  there  is  no  certainty.  The 
coasts  of  this  inner  sea  were  low  and  swampy,  and  were 
backed  by  extensive  tracts  of  low-lying  or  gently  un- 
dulating ground,  diversified  by  forests,  lakes,  and  open 
plains,  and  inhabited  by  a  large  fauna  in  which  most  of  the 
modern  classes  and  orders  of  animals  were  represented. 
To  the  west  from  Brittany,  northward  through  Cornwall 
and  Wales  to  the  north  of  Ireland  and  Scotland,  lay  a 
region  of  hills  and  mountains,  among  which  at  least  one 
large  river  had  its  origin ;  this  river,  of  which  mention  has 
previously  been  made,  emptied  itself  into  the  north-western 
extremity  of  the  inner  sea,  its  estuary  lying  over  part  of 
Hampshire. 

The  Headon  Beds  present  us  with  a  section  through 
part  of  the  delta  of  this  river.  The  alternation  of  marine, 
brackish,  and  freshwater  beds  is  due,  partly,  to  the  process 
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of  subsidence  and  silting  up,  partly,  perhaps,  to  change  in 
the  course  of  the  river  channel,  but  the  northerly  and 
easterly  increase  of  the  marine  strata  (Brockenhurst  Beds) 
and  the  southerly  increase  of  the  freshwater  limestones, 
are  facts  which  prove  the  deepest  part  of  the  estuary  to 
have  lain  to  the  north-east  of  the  Isle  of  Wight,  and  to 
have  trended  from  south-west  to  north-east  through  Hamp- 
shire into  Wilts  or  Somerset,  in  which  direction  the  em- 
bouchure of  the  great  river  probably  lay. 

From  a  study  of  the  current-marks  in  the  Oligocene 
Beds,  Dr.  Sorby  has  inferred  the  direction  of  the  currents 
and  of  the  prevailing  winds,  and  has  calculated  the  breadth 
of  that  part  of  the  estuary  of  which  the  Isle  of  Wight  was 
a  portion;  he  estimates  it  to  have  been  15  or  20  miles 
wide,  "yet  the  dimensions  of  the  river  were  such  as  to 
keep  the  water  in  general  more  or  less  fresh,  and  must 
have  been  much  greater  than  any  now  running  in  England." 

The  muddy  flats  of  this  estuary  swarmed  with  Cerithiadce, 
Cyrenidce,  &c.,  while  the  pools  of  the  delta  were  peopled  by 
species  of  Planorbis,  Limncea,  Paludina,  <&c.,  the  dead 
shells  of  which  were  swept  down  into  the  lower  reaches  of 
the  river ;  crocodiles,  gavials,  and  turtles  abounded  in  its 
waters  as  in  those  of  modem  tropical  rivers,  and  its  banks 
seem  to  have  been  clothed  with  a  luxuriant  vegetation  of 
reeds,  ferns,  and  palms. 

The  same  conditions  prevailed  during  the  formation  of 
the  Bembridge  and  Hempstead  Beds,  with  local  variations ; 
thus,  some  portions  of  the  Bembridge  limestones  contain 
freshwater  shells  in  the  lower  part,  and  land-snails  with 
their  eggs  in  the  upper  part,  indicating  the  complete  dry- 
ing up  of  the  shallow  lake,  or  "  broad,"  over  the  bottom  of 
which  it  began  to  form,  and  the  number  of  these  large 
tropical  snails  is  so  great,  that,  as  Mr.  Gardner  observes, 
their  presence  in  such  quantity  necessarily  implies  that 
there  was  a  large  and  varied  flora  in  the  jungles  adjacent 
to  the  water.  This  terrestrial  surface,  however,  was 
eventually  swept  away  by  river-floods  or  inroads  of  the 
sea,  and  part  of  the  area  was  covered  by  brackish  water  in 
which  oyster-banks  were  accumulated. 

Of  the  Hempstead  Beds  so  small  a  portion  remains  that 
it  is  unsafe  to  draw  any  very  definite  conclusions  from  the 
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nature  of  these  deposits,  though  Mr.  G-ardner  considers 
that  their  contents  indicate  a  certain  diminution  of  tem- 
pei:ature,  and  the  passing  away  of  the  semi-tropical  con- 
ditions which  prevailed  at  the  close  of  the  Eocene  and 
beginning  of  Oligocene  times.  The  records  of  the  Hamp- 
shire delta  are  here  abruptly  broken  off,  and  we  have  no 
means  of  ascertaining  the  last  phases  of  its  history ;  we 
can  only  guess  from  the  analogy  of  the  French  deposits 
that  there  was  a  gradual  upheaval  of  the  whole  area,  and 
that  throughout  the  ensuing  Miocene  period  England  was 
united  to  France  and  Belgium,  and  formed  part  of  the 
European  continent. 

While  the  changes  above  indicated  were  occurring  on 
the  borders  of  the  marine  area,  sedimentation  of  a  different 
kind  was  taking  place  in  the  contemporaneous  lacustrine 
areas;  whether  such  lakes  existed  on  British  groimd  we 
do  not  know,  but  many  were  scattered  through  the  centre 
of  Europe,  in  France,  Switzerland,  and  Austria,  and  as  Sir 
C.  Lyell  remarks,  "  the  study  of  these  regions  possesses  a 
peculiar  interest,  very  distinct  in  kind  from  that  derivable 
from  the  investigation  either  of  the  Parisian  or  English 
Tertiary  areas." 

In  the  case  of  the  Auvergne  lakes  (ante,  p.  472)  the 
records  are  so  complete  and  of  such  a  striking  nature,  that 
it  becomes  no  difficult  matter  to  restore  in  imagination  the 
scene  which  they  must  have  presented  in  Oligocene  times, 
and  to  trace  the  wonderful  series  of  changes  by  means  of 
which  the  lakes  were  drained,  and  the  present  features  of 
the  district  were  gradually  developed;  these  changes, 
however,  belong  to  a  later  period  than  that  we  are  now 
dealing  with,  and  the  volcanic  eruptions  with  which  they 
commenced  date  probably  from  the  ensuing  Miocene  period. 
The  following  is  LyelFs  picture  of  the  Auvergne  lakes  in 
Oligocene  times.  ^ 

*'  There  was  first  a  period  when  the  spacious  lakes,  of 
which  we  may  still  trace  the  boundaries,  lay  at  the  foot  of 
(granitic)  mountains  of  moderate  elevation,  unbroken  by 
the  bold  peaks  and  precipices  of  Mont  Dor,  and  unadorned 
by  the  picturesque  outline  of  the  Puy  de  Dome,  or  of  the 
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volcanic  cones  and  craters  now  covering  the  granitic  plat- 
form. During  this  earlier  scene  of  repose  deltas  were 
slowly  formed;  beds  of  marl  and  sand  several  hun4red 
feet  thick  deposited ;  siliceous  and  calcareous  rocks  pre- 
cipitated from  the  waters  of  mineral  springs ;  shells  and 
insects  embedded,  together  with  the  remains  of  the  croco- 
dile and  tortoise ;  the  eggs  and  bones  of  water-birds,  and 
the  skeletons  of  quadrupeds,  most  of  them  of  getiera  and 
species  characteristic  of  the  Miocene  (Oligocene)  period. 
To  this  tranquil  condition  of  the  surface  succeeded  the  era 
of  volcanic,  eruption,  when  the  lakes  were  drained  and 
when  the  fertility  of  the  mountainous  district  was  probably 
enhanced  by  the  igneous  matter  ejected  from  below,  and 
poured  down  upon  the  more  sterile  granite." 

The  volcanic  outbursts  appear  to  have  been  accompanied 
by  a  gradual  upheaval  of  the  whole  district,  in  which  the 
north  of  France  and  the  south  of  England  participated, 
though  probably  the  vertical  elevation  was  greatest  in 
the  central  European  tracts ;  ^  by  this  elevation  the  slope 
of  the  river-channels  would  be  increased,  and  the  erosive 
powers  of  the  rivers  correspondingly  augmented,  the 
effluent  streams  so  deepening  their  channels  that  even- 
tually the  lakes  were  completely  drained,  and  the  rivers 
began  to  cut  their  way  through  the  materials  which  they 
had  formerly  deposited  in  the  lakes.  This,  however,  was  a 
long  and  gradual  process,  continued  throughout  the  suc- 
ceeding periods,  and  down  to  the  present  time. 

*  The  ranges  of  the*  Alps  and  Pyrenees  appear  to  date  their  existence 
as  mountain  chains  from  the  Oligocene  perioa. 


CHAPTER   XII. 


ICENIAN    SYSTEM. 


THE  newer  Tertiary  strata,  or  those  which  are  more 
recent  than  the  Oligocene,  haTe  so  much  in  common, 
both  as  regards  their  mode  of  occurrence  and  the  species 
of  fossils  which  they  contain,  that  they  must  be  viewed  as 
forming  only  one  system,  and  even  when  so  grouped  to- 
gether they  hardly  form  a  system  comparable  to  those 
which  preceded  them. 

The  name  Icenian  was  used  in  1851  by  Dr.  S.  P.  Wood- 
ward as  a  synonym  for  the  Crags  or  Pliocene  Beds  of 
England,  and  it  has  been  proposed  to  extend  the  applica- 
tion of  the  name  not  only  to  the  Pleistocene  Beds  which 
conformably  overlie  the  Pliocene  in  England,  but  to  the 
older  crag-like  deposits  which  occur  in  Belgium  and  France, 
and  have  close  palseontological  affinities  with  the  typical 
Pliocene  or  Icenian  strata.  Where  complete,  therefore,  the 
system  is  thus  divisible : — 


Icenian  system. 


Pleistocene. 
Pliocene. 


Miocene. 


{ 


1 


Newer. 
Older. 

Newer  stage. 
Older  stage. 
Newer  stage. 
Older  stage. 


The  Miocene  of  this  system  is  the  Upper  Miocene  of 
Lyell,  and  its  type  is  found  in  the  "  Faluns  "  of  the  Loire 
Valley  ;  this,  though  lithologically  similar  to  our  Crags,  is 
said  to  contain  75  per  cent,  of  species  which  no  longer  exist, 
whereas  the  number  of  extinct  species  in  the  Coralline  Crag 
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of  England  was  said  at  the  same  time  to  be  only  31  per 
cent.  Many  species,  however,  formerly  supposed  to  be  ex- 
tinct, have  since  been  discovered  to  exist  in  the  Atlantic 
Ocean,  and  the  number  of  extinct  species  in  the  Coralline 
Crag  is  now  supposed  to  be  less  than  20  per  cent.  The 
fauna  of  the 'Faluns  has  not  yet  been  re-examined  for 
the  purpose  of  correcting  the  older  estimate,  but  when  this 
is  done  the  percentage  of  extinct  species  will  probably  be 
reduced  ;  it  is  unceitain  how  far  we  can  rely  upon  the  pro- 
portion of  extinct  species  as  a  test  of  age,  and  it  is  certain 
that  the  fauna  of  the  Faluns  is  much  more  closely  re- 
lated to  that  of  the  Pliocene  series  than  it  is  to  the  Oligo- 
cene  fauna  of  England  or  France.  If  any  Falunian  beds 
ever  existed  in  Bntain  or  Belgium,  we  might  imagine  that 
their  stratigraphical  relations  to  the  older  Pliocene  would 
be  similar  to  those  which  subsist  between  the  older  and 
newer  Pliocene  in  the  east  of  England. 

The  British  representatives  of  this  system  are : — 

(  Post-glacial  Beds. 
Pleistocene.    |  ^^^^  ^^  |    Newer. 

(Forest  Bed  group,  i   j^^^^^. 
Coralline  Crag  (Older  Pliocene). 

The  Pliocene  strata  cover  a  considerable  area  in  the 
eastern  parts  of  Essex,  Suffolk,  and  Norfolk,  resting  uncon- 
formably  either  on  London  Clay  or  on  the  Chalk.  A  small 
tract  has  also  been  discovered  recently  in  the  south  of 
Cornwall. 

The  Pleistocene  deposits  have  a  much  wider  extension, 
and  cover  large  areas  both  in  England,  Scotland,  and  Ire- 
land, resting  indifferently  on  all  older  rocks,  hence  they 
are  often  called  Superficial  or  Drift  Deposits. 


A.   Miocene  Series. 

In  western  Europe  there  is  a  decided  stratigraphical 
break  between  the  TTpper  Oligocene  and  the  marine  Mio- 
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cene  strata.  The  Calcaire  de  la  Beauce  and  its  equivalents 
form  extensive  plateaux  in  France,  both  to  the  north  and 
south  of  the  granitic  bosses  in  the  Limoges  and  Auvergne, 
stretching  in  fact  to  the  very  base  of  the  Pyrenees,  where 
the  beds  are  tilted  and  disturbed  ;  resting  unconformably 
on  these  strata,  and  occurring  in  scattered  patches  over 
these  plateaux,  lie  the  more  recent  Miocene  beds,  consisting 
chiefly  of  soft  loose  and  undisturbed  sands  and  marls. 

During  the  interval  thus  indicated  the  upheaval  of  the 
European  area,  which  was  noticed  in  the  last  chapter 
(p.  485),  seems  to  have  continued  till  the  whole  of  France, 
together  with  the  Netherlands  and  the  British  area,  was 
raised  into  continuous  land ;  this  land  supported  ranges  of 
mountains  which  attained  a  considerable  height.  Large 
parts  of  the  Mediterranean  area  appear,  however,  to  have 
been  open  sea,  and  the  epoch  of  the  Falimian  Miocene  was 
a  time  of  partial  depression,  allowing  the  southern  sea  to 
encroach  upon  the  shores  of  the  Oligo-Miocene  continent 
and  permitting  the  great  lake-basins  in  its  interior  to  be 
once  more  filled  with  water.  We  are  therefore  presented 
with  a  repetition  of  thick  lacustrine  deposits  in  Switzerland 
and  Germany,  the  Oligocene  and  Miocene  deposits  appear- 
ing in  these  areas  to  form  a  continuous  succession,  while 
the  marine  records  of  the  period  are  more  scanty  and  local, 
except  in  Austria,  where  they  occupy  a  large  tract  of  coun- 
try between  the  Alps  and  the  Carpathians.  It  is  possible, 
therefore,  that  the  Austrian  series  will  be  eventually  re- 
garded as  exhibiting  the  most  complete  and  typical  succes- 
sion of  marine  Miocene  strata,  just  as  the  Alpine  Trias 
must  be  taken  as  furnishing  us  with  the  marine  type  of 
that  system. 

Life  of  ths  Period. 

The  plants  and  the  molluscs  which  are  found  in  Miocene 
rocks  indicate  a  much  warmer  climate  than  now  prevails  in 
Europe ;  they  mostly  belong  to  existing  genera,  and  are 
not  greatly  differentiated  from  the  Oligocene  forms. 

Of  plants  81  Oligocene  species  range  into  the  Mio- 
cene, but  no  fewer  than  475  species  of  plants  were  deter- 
mined from  Professor  Heer  in  the  (Eninghen  beds  of 
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Switzerland  alone.  These  include  a  vine  (VUis  tetUonica), 
plane-trees  {PZatanus  aceroides),  maples  (Acer  trUohatutn), 
cinnamons,  figs,  elms,  liquidambars,  cypresses  (Taxodium 
and  Glyptostrohus),  with  a  few  Proteacecs.  Looking  to  the 
Miocene  flora  as  a  whole,  Professor  Heer  remarks^  that 
"  increased  prominence  is  given  to  the  Japanese  types  by 
the  abundance  of  camphor  trees  and  •  Olyptostrohi ;  to  the 
Atlantic  element  by  the  laurels ;  to  the  American  tjrpes 
by  the  numerous  evergreen  oaks,  maples,  poplars,  planes, 
liquidambars,  Bohinice,  Sequoioe,  Taxodia,  and  temate- 
leaved  pines ;  and  to  the  types  of  Asia  Minor  by  the 
Planer CB,  and  a  species  of  poplar  (Populus  mutahUis).  The 
greatest  number  and  the  most  important  of  the  types  of 
the  Swiss  Miocene  flora  belong,  therefore,  to  a  belt  lying 
between  the  isothermal  lines  of  69°  and  77^  Fahr.,  and  in 
this  zone  America  is  now  the  region  which  is  most  correspon- 
dent to  the  natural  cliaracter  of  the  Swiss  Miocene  land." 

Of  Mollusca  the  following  are  a  few  of  the  characteristic 
species  found  in  French  and  Austrian  beds : — 

Gasteropoda. — Conus  ventricosus,  Miu-ex  plicatus,  M. 
sublaevatus,  Trochus  podolicus,  T.  punctulatus,  Buccinum 
blesense,  Voluta  Lamberti. 

Lamellihranchs. — Venus  clathrata,  Cardita  affinis.  Tapes 
gregaria,  Pectunculus  pilosus  (glycimeris),  Panopsea  Fau- 
jasii,  Pecten  latissimus,  Ervilia  podolica. 

It  is,  however,  the  Vertebrata  and  especially  the  Mam- 
malia which  are  most  distinctive  of  the  period ;  the  greater 
number  of  the  older  genera  had  become  extinct,  and  a  very 
different  assemblage  of  animals  had  taken  their  place, 
Acerotherium,  Anchitheriumf  and  Amphicyon  are  almost  the 
only  animals  that  survived  the  change,  unless  certain  beds 
in  the  Allier  district,  containing  bones  of  Tapir  and 
Bhinoceros,  are  properly  classed  with  the  Oligocene. 

The  important  order  of  Proboscidea,  which  occupies  such 
a  prominent  place  throughout  the  whole  of  Icenian  time, 
now  appears  for  the  first  time,  and  is  represented  by  the 
Dinotherium  and  the  Mastodon.  The  former  is  remarkable 
for  having  two  large  tusks  in  the  lower  jaw  (see  fig.  118), 
which  curve  downwards,  and  are  supposed  to  have  been 

*  •*  Primseyal  World  of  Switzerland,"  transl.  Hey  wood,  vol.  i.  p.  371. 


scoured  over  the  plains, 
also  present,  but  the  hor 
with  small  canine  teeth,  ii 
Machairodus  (the  sabre-ti 
to  the  hjeenas  and  civets),! 


Fig.  118.     SkoUofl 

with  otters,  cats,  and  foxei 
across  the  streams ;  a  gigaj 
tore  up  tha  ft»»**-"'  *" 
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r&neati,  supported  large  herds  of  antelopes  and  gazelles, 
rarying  in  size  and  fonn,  and  for  the  moat  part  allied  to 
those  of  Africa.'  With  these  vere  a  species  of  giraffe  and 
an  animal  of  intermediate  form  between  the  giraffe  and 
antelopes  (HeUadotherium).  NumerouB  carnivores  followed 
and  preyed  on  these  herbivorous  animals — large  cats  and 
panthers  (including  Machairodui),  Hytena,  letUherium, 
HyanietU  (a  form  intermediate  between  Hywna  and  IctU 
tkmwm),  and  Simocyon  (an  animal  allied  both  to  the  wolf 
and  the  bear).  It  is  not  quite  certain,  however,  that  this 
Greek  fauna  is  truly  Miocene,  for  M.  GJaudry,  who  first  de- 


Fg  119      BeUorat  on  of  DiDoihenmn  g g>ntei 


scribed  it,  says  that  the  ossiferous  beds  rest  upon  a  marine 
deposit  containing  sheila  which  are  characteristic  of  PUo- 
c«ne  times ;  it  depends,  therefore,  on  whether  we  look  to 
the  MoUuHca  or  the  Mammalia  as  the  best  guides  in  Ter- 
tiary classification,  and  if  the  latter  are  taken,  then  the 
presence  of  Dinotkerium,  Acerotherium,  Hipparion,  and 
letitherivm  will  stamp  the  beds  as  Miocene;  but  this 
association  of  Miocene  mammals  with  Pliocene  ihells 
shows  how  close  is  the  connection  between  the  two  series 
of  deposits. 


I  Boyd  DawkioB, "  Early  Man  ii 
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Stratigraphy. 
France. 

Basin  of  the  Loire. — The  Faluns  of  Touraine  was 
taken  by  Sir  Ch.  Lyell  as  the  type  of  the  Miocene  in 
western  Europe.  "  Faluns  "  is  a  local  agricultural  term 
applied  to  loose  marly  or  shelly  sands  which,  like  the 
shelly  "  crag  "  of  Suffolk,  were  formerly  spread  over  the 
land  for  fertilizing  purposes.  The  beds  occur  in  scattered 
patches  or  tracts  over  a  considerable  length  of  country,  ex- 
tending from  the  mouth  of  the  Loire  to  beyond  Tours,  and 
also  along  the  banks  of  the  Cher.  They  rest  unconf  ormably 
upon  all  older  rocks,  including  the  Calcaire  de  la  Beauce, 
which,  as  mentioned  on  p.  472,  forms  the  plateau  between 
the  valleys  of  the  Seine  and  the  Loire. 

Sir  Ch.  Lyell  describes  the  faluns  as  consisting  generally 
of  sand  and  sandy  marl  full  of  shells  and  corals,  some 
entire,  others  rolled,  and  others  in  minute  fragments,  and 
the  beds  are  seldom  more  than  50  feet  thick ;  sometimes, 
as  at  Done,  near  Saumur,  "they  form  a  soft  building- 
stone,  chiefly  composed  of  an  aggregate  of  broken  shells, 
bryozoa,  corals,  and  echinoderms,  united  by  a  calcareous 
cement,  the  whole  mass  being  very  like  the  Coralline  Crag 
of  Suffolk,"  to  be  described  on  a  later  page. 

The  fossil  contents  are  those  of  a  shallow  but  very  warm 
sea ;  according  to  Edward  Forbes  they  imply  that  the  beds 
were  accumulated  between  low-water  mark  and  a  depth  of 
ten  fathoms.  Cardita  affinisy  Cardium  turonicuni,  and  Venm 
claihrata  occur,  with  Valuta  Lamherti,  seven  species  of  Cyprcpa 
and  eight  of  Convs,  some  of  them  being  much  lai^er  than 
any  living  Mediterranean  cowry  or  cone ;  species  of  Oliva, 
Ancillaria,  Mitra,  Terehra,  Pyrula,  Murex,  Fasciolaria,  and 
Nerita  are  present,  so  that  the  assemblage  is  decidedly 
tropical.  The  bone«  of  extinct  Cetacea  are  occasionally 
found  together  with  remains  of  the  terrestrial  mammalia — 
Dinotherium,  Mastodon,  Rhinoceros,  Hippopotamus,  and 
Beer. 

Brittany  and  Normandy. — Small  patches  of  faluns 
occur  still  further  north,  near  the  towns  of  Dinan,  Rennes, 
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and  in  the  Cotentin  district;-  M.  Dollfuss  describes  the 
Cotentin  faluns  as  a  soft  calcareous  rock,  often  entirely 
composed  of  rolled  organic  debris  (Crustacea,  Molluscs, 
Bryozoa,  and  Echinoderms),  cemented  by  a  whitish  granu- 
lar paste.  Some  beds  are  very  hard,  others  soft  and  pebbly, 
with  grains  of  quartz  and  fragments  of  the  neighbouring 
rocks;  the  thickness  is  not  more  than  20  feet,  and  they 
are  known  to  overlie  the  local  Oligocene  limestone.  Ex- 
cepting Bryozoa,  the  fossils  which  can  be  identified  are 
few,  but  the  general  facies  is  that  of  the  Faluns  of  the 
Loire ;  it  is  quite  possible,  however,  that  the  deposit  is  of 
somewhat  neyirer  date  than  the  southern  Miocenes. 

Basin  of  the  Garonne. — Near  Bordeaux,  and  south- 
ward to  the  base  of  the  Pyrenees,  large  tracts  of  the  coun- 
try are  overspread  by  beds  of  Oligocene  age,  and  upon 
these  lie  scattered  patches  of  faluns  like  those  of  Touraine, 
and  near  the  base  of  the  Pyrenees  in  G^rs  and  Haute 
Garonne  are  tracts  of  freshwater  marl,  limestone,  lignite, 
and  sand,  from  which  many  interesting  mammalian  re- 
mains have  been  obtained,  especially  the  apes  (Dryopi- 
thecus  and  PliopUhecus),  the  former  receiving  its  name 
from  the  oak- trunks  with  which  it  was  associated. 

Basin  of  the  Rhone.— Yet  another  tract  of  Miocene 
strata  has  been  discovered  at  Cucuron  and  Mont  Leberon 
in  Vaucluse,  and  this  has  yielded  bones  of  Hipparion, 
HeUadotherivmi,  Dinotherium,  Rhinoceros,  Tragoceras  (a 
small  deer  with  bifurcating  antlers  like  the  Muntjak  of 
tropical  Asia),  Cerws,  Gazella,  Ictitherimn,  Hyoena,  and 
Machairodus. 

SWITZSBLAND. 

The  greater  part  of  the  low  country  lying  between  the 
Jura  and  the  Alps  consists  of  Oligocene  and  Miocene  strata, 
and  the  Oligocene  beds  describe  on  p.  474  are  succeeded 
by  the  following  groups  in  ascending  order  : — 

Mayence  Group,  or  Grey  Molasse,  sandstones  with 
remains  of-  terrestrial  plants,  and  including  an  intercalated 
marine  band  with  Murez  plicatus,  Venus  claihraia,  and 
Ceriihiwm  lignUarium, 

Helvetian  Group,  marine  sandstones  and  calcareous 
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conglomerates,  with  Convs  ventricosus,  PectunetUus  gly- 
eimerisj  Panopcea  Faujani,  Ac.,  37  per  cent,  of  the  species 
being  recent  Mediterranean  or  tropical  forms. 

CBninghen  Group,  a  freshwater  formation,  consistiog 
of  sands,  marls,  and  limestones,  with  seams  of  lignite. 

The  (Eninghen  beds  have  yielded  an  immense  number  of 
plant  and  insect  remains  to  the  researches  of  Professor 
Heer,  who  records  no  less  than  500  species  of  plants,  and 
between  800  and  900  species  of  insects.  The  flora  contains 
a  mixture  of  generic  forms  which  are  now  characteristic  of 
widely  separated  countries.  American  forms  predominate ; 
next  in  number  stand  modern  European  genera ;  with  these 
are  some  Asiatic  types,  and  a  few  Proteacece,  an  order  which 
now  flourishes  in  South  Africa  and  Australia.  Among 
insects  wood-eating  beetles  are  particularly  abundant. 
With  these  are  remains  of  fish  and  freshwater  tortoises,  a 
huge  salamander  (Afidrias  Scheuchzeri),  which  was  taken 
for  a  human  skeleton  when  first  discovered ;  also  bones  of 
Dinotherium  qiganteum,  Mastodon  tapiroides,  Palceomeryx 
eminens  (a  ruminant),  Oalecynus  (Enhigensis  (a  fox  having 
affinities  with  the  civet-cat),  hares,  beavers,  and  many  small 
carnivores. 

AUSTBIA. 

Miocene  rocks  cover  a  large  area  in  Austria,  and  attain 
a  thickness  of  over  1,000  feet  in  some  places.  The  succes- 
sion in  the  Vienna  basin  is  as  follows  in  ascending  order : — 

1.  Aquitanian  Stage. — A  group  of  marls  and  sand- 
stones, partly  marine  and  partly  freshwater,  with  seams  of 
brown  coal ;  by  some  referred  to  the  Oligocene,  because  the 
marine  beds  contain  Cerithium  plicatum  and  C.  margari- 
taceum,  but  the  freshwater  beds  yield  vertebrate  reniains 
of  characteristic  Miocene  species — Mastodon  angustidens, 
M.  tapiroides.  Rhinoceros  sansaniensis,  Amphicyon  inter' 
meditts,  and  Anchith^um  aurelianense. 

2.  Mediterranean  Stage. — A  variable  set  of  strata, 
limestones,  marls,  clays,  and  sands,  representing  different 
conditions  of  deposit  in  various  parts  of  the  basin,  but 
all  purely  marine ;  one  of  the  most  conspicuous  formations 
is  the  Leithakalk,  a  highly  fossiliferous  limestone  with 
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lai^e  Pectens  (P.  IcUissimus)^  Oysters,  Clypeasters,  Corals, 
and  Bryozoa.  The  limestone,  however,  frequently  passes 
into  marl,  sand,  and  even  into  conglomerate. 

3.  Sarmatian  Stage. — Sandstones  and  sandy  clays, 
containing  an  abundance  of  shells,  but  hardly  any  Corals, 
Eehinoderms,  or  Bryozoa;  the  fauna  has  some  affinities 
with  that  of  the  Black  Sea,  and  is  believed  to  indicate  a 
similarity  of  geographical  conditions, — namely,  a  narrow 
communication  with  the  Mediterranean  Sea,  and  the  influx 
of  large  rivers  producing  a  diminution  in  the  saltness  of 
the  water.  Some  of  the  shells  are  Tapes  gregaria,  Madra 
podolica,  Ervilia  podolica,  Gerithium  pictum,  C,  rubiginosum, 
and  Murex  suhlcevatua. 

4.  Congerian  Stage. — Consisting  of  a  pure  clay, 
often  300  feet  thick,  deposited  apparently  in  an  inland  sea 
like  the  Caspian ;  the  commoner  shells  belong  to  the  genera 
Congeria,  Cardiv/niy  Unto,  and  Mdanopsis.  The  mammals 
are  Miocene  species,  and  the  plants  resemble  those  of 
(Euinghen. 

B.   Pliocene  Series. 

Sir  Charles  Lyell  divided  the  Pliocene  series  into  an 
older  and  a  newer  stage,  the  former  having  from  30  to  50 
per  cent,  of  extinct  species,  and  the  latter  less  than  20  per 
cent. ;  and  though  these  percentages  are  not  perhaps 
strictly  correct,  yet  the  division  into  two  stages  may  still 
be  useful.  If  it  is  adopted,  however,  the  Eed  Crag  must 
be  placed  in  the  newer  division,  for  many  of  the  extinct 
species  which  it  contains  are  in  all  probability  extraneous 
fossils  washed  out  of  the  Coralline  Crag,  and  must  there- 
fore be  excluded  from  the  indigenous  fauna ;  recent  esti- 
mates  give  the  proportion  of  extinct  species  of  mollusca 
as  less  than  10  per  cent.  The  number  of  extinct  species 
in  the  Norwich  Crag  is  only  11  out  of  173  given  by  Mr. 
H.  B.  Woodward,  i.e.  6.3  per  cent.^ 

The  term  Upper  Crag  has  been  used  by  the  Geological 
Survey  to  include  the  Eed  and  Norwich  Crag,  with  all 
their  local  variations,  in  contrast  to  the  Lower  or  Coralline 
Crag,  which  is  the  only  representative  of  the  Older  Plio- 

*  "  Geobgj  of  the  Country  around  Norwich,  Mem.  Geol.  Survey.'* 
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cene  in  Britain,  so  far  as  is  jet  known,  unless  the  sands 
capping  the  Chalk  of  the  North  Downs  in  Kent  and 
Surrey  belong  to  the  same  division  of  the  Pliocene  series. 

Life  of  the  Period, 

Very  few  of  the  Invertebrate  fossils  belong  to  extinct 
genera,  and  the  majority  of  the  species  are  either  identical 
with,  or  only  varieties  of,  those  now  living.  Among  the 
Vertebrates,  however,  the  majority  of  the  species  are  ex- 
tinct, and  a  few  belong  to  extinct  genera,  such  as  Mastodon^ 
Trogontheriuniy  Balamodon,  and  Halitherium.  The  Pliocenes 
of  Prance  and  Italy  are  characterized  by  Mastodon  arver^ 
nensis.  Rhinoceros  megarhinus,  Rh.  etrusetiSy  Elephas  meri- 
dionalis.  Hippopotamus  major,  Cervus  cusanus,  C.  Perrieri, 
C.  pardinensis,  with  Machairodus  cuUridens,  Hy(Bna  striata^ 
bears,  and  wolves.  Many  of  these  occur  also  in  Britain. 
The  following  are  some  of  the  fossils  found  in  the  British 
beds : — 


Fossils  of  the  Coralline  Crag. 

Corals. — Cryptangia  Woodii,  Flabellum  Woodii. 

Echinoderms. — Temnechinus  excavatus.  Echinus  Wood- 
wardii,  Brissus  Scillse. 

Pohfzoa, — Eschara  monilifera,  E.  porosa,  Biflustra  deh- 
catula,  Fascicularia  ^.urantum,  Cellepora  coronopora. 

Brachiopoda, — Terebratula  grandis. 

La/meUtbranchs, — Artemis  exoleta,  Astarte  Omalii,  A. 
Burtini,  Cardita  senilis,  Cyprina  rustica,  Isocardia  cor, 
Tellina  crassa,  Pecten  opercularis,  Panopsea  Faujasii,  Venus 
casina. 

Gasteropoda. — Buccinum  Dalei,  Turritella  incrassata, 
Natica  multipunctata,  Pusus  gracilis,  Voluta  Lamberti, 
Trochus  zizyphinus,  Cassidaria  bicatenata. 

Mamm>aMa. — Balsena  mysticetus,  Balsenodon  physaloides, 
with  teeth  of  Mastodon  arvemensis,  Bhinoceros  Schleier- 
macheri,  and  Cervus  dicranoceras. 
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Foasils  of  the  Red  Crag. 

Goralg. — BaJa-nophjllia  calyculuB. 

Eehinoderms. — Temnechmiu  turbinatUB,  Eclimocjamus 
pasUlns. 

Pobpoa. — Flustra  dietanB,  Hippothoa  dentata. 

Brachiopoda. — BhynchoneUa  psittacea. 

XameQ^an«A«.— 'Pecten  opercularis,  PechinculnB  glyd- 
meris,  Mactra  ovalia,  M.  constricta,  Cardium  augustatum, 
Astarte  obliquata. 


Fif;,  120,     TerebrmtnlA  gnndli,  astnnl  liw. 

Chuteropoda. — Nasea  reticoaa.  Purpura  tetragona,  Tro- 
phoD  antiquTun.  Tr.  elegans,  Scalaria  grcenlandica,  Natica 
nraniclaaaa,  Columbella  sulcata. 

Mammalia. — Phocnna  orca,  Baleenodon  affinifl,  B.  emar- 
gioata,  H^theriam  Canhami,  Hoplocetus  craaBidenB; 
and  the  terr^trial  forme — Elephas  meridionaliB,  Hjsena 
striata,  Oei-Tus  SuttonenBis,  Mastodon  arra-nenBie,  BJkino- 


ceroB  inciBiTUB,  Tapinis  e 
pardoidee,  and  tvo  Bpeciea  of  Pigs. 


Hipparion  sp.,  FeliB 
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Fossils  of  the  Norwich  Crag. 

LameUibraneht. — Astaite  compresea,  A.  bore&lis,  Car- 
dium  edole,  Cyprina  ialaodica,  Nucula,  Cobboldue,  Tellina 
obliquo,  T.  lata,  Mya  arenaria,  Scrobicularia  plana. 


FoMils  of  (he  Bed  Crtg. 


a.  BkknophjUU  ctljcnliu.  e,  Mactra  rc 

b.  EchmocTamtu  pnailluB,  /■  ColunibelU  lulcMa. 

c.  Astute  obliqiuU.  g.  Nattca  hemiclaiua. 

d.  Carditun  angtutatum.  A.  Purpura  tetngMla. 

1.  Sum  ratiooBa. 

Qaateropoda. — Litorina  litorea,  Purpura  lapillus,  Ceri- 
thium  tricinctum,  Natica  catena,  Tumtella  communis 
(terebra). 

Mammalia. — Elephaa  antiquuB,  E.  meridioualis,  Cemu 
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elaphus,  Cervus  ardens,  Trogontherium  Cuvieri,  Arvicola 
intermedins,  Mastodon  arvemensis,  Felis  pardoides,  EQp- 
popotamus  major,  HjSBna  striata. 


Fossils  of  the  Forest  Bed. 

As  authorities  differ  on  the  question  whether  this  group 
of  beds  should  be  regarded  as  the  summit  of  the  PHocene 
series  or  the  base  of  the  Pleistocene,  it  is  desirable  to 
review  the  fauna  and  flora,  to  which  the  recent  researches 
of  Messrs.  C.  Eeid  and  E.  T.  Newton  have  added  many 
species.^ 

The  flora  indicates  a  climate  verj  similar  to  that  now 
prevailing  in  Norfolk,  and  only  two  species  no  longer  live 
in  Britain,  viz.,  Pinvs  ahies  (the  spruce-fir)  and  Trapa 
natans  (a  pond  plant). 

Of  the  marine  MoUusca  all  occur  both  in  the  Weyboume 
Crag  and  in  later  Pleistocene  deposits,  so  that  they  afford 
no  guide. 

The  only  remaining  test  is  that  of  the  Mammalia,  and 
when  these  are  arranged  in  three  groups,  as  below,  it  is 
seen  that  they  prove  the  beds  to  have  been  formed  just  at 
the  epoch  of  transition  from  Pliocene  to  Pleistocene  time, 
a  certain  number  being  survivals  from  the  Pliocene  (either 
of  Britain  or  France),  and  about  an  equal  number  being 
new-comers  which  range  to  Pleistocene  or  to  modem 
times ;  while  a  few  have  not  yet  been  found  elsewhere. 

(1.)  Swrvivalsfrom  Pliocene,  17. 

Mastodon  anremensis.  Cervus  dicranioa. 
Elephas  meridionalis.  „      polignacus. 

„       antiqaas.  „      Etaeriamm. 

Rhinoceros  etmscos.  „      elaphus  (Stag). 

„  megarhinos.  Machairodus  latidens. 

Hippopotamus  migor.  Trogontherium  Cuvieri. 

Equus  stenonis.  Castor  europnus  (Beaver). 

„      cabidlns  (Horse).  Arvicola  intermedia. 
Ursus  arvemensis. 


^  See  *'  Geology  of  the  Country  around  Cromer,  Mem.  Geol.  Survey," 
1883. 
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(S.)  NeiB-comert  ranging  lo  hi 


Eleplui  primigeMiiB  (Munmoth). 
Bo«  prinigemai  (The  Unu). 
Oiiboa  moecbmliu  (Hosk-ozV 
Cemu  megaceroi  ?  ?  (IrUh  Slk). 
Dmu  ipelnu  {C>Te-bBU'). 
„      feiToz  (Orixil7  Bmt). 
GdId  luKiu  (Glatlon). 
Cuiii  inlDfiB  ?  (Fox). 
Toll). 


Mjogmle  moichalft  (Moah-Bhraw). 
Sores  TDlg&ris  (SbRw). 

„     pfgnueiu  (Picmj  Shrew). 
Talpa  europva  (Mote). 
Idas  sjlTtbciu  (Mouse). 
Arricola  arralig  (Field  Tole). 

"         ftmphibiiu  (Wtiter  Vol*). 
„        glareolai  (Red  Tole). 
Scinrna  vulgaria  ?  (Squirrel). 


CaproTii  Ssrinii. 
Cernu  Terticomii. 

„      latil^DS. 

„      Qnniiii. 


ot  /mmm  cUewhtre. 
CemiB  Fitch  iL 


Of  the  twentf  species  which  range  into  higi 
are  named  from  specimenB  about  the  origin 
is  some  doubt,  and  aome  of  the  others, 
tmlpei,  8tu  terofa,  and  Arvieola  ajvaiig,  hav( 
from  the  Norwich  Crag  with  a  Bimilar  an 
taintj.  The  only  really  arctic  species  is  tbt 
Uueua).  It  should  be  meotioned,  howeri 
the  Hiocene  surrlTals  range  into  the  Plei 
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Among  freshwater  Mollusca  a  few  are  extinct  in  Europe, 
Tiz. : — Pisidium  astartoides,  GorhictUa  fiuminoMs,  Paludina 
gaJtha,  and  others  only  now  live  on  the  Continent,  e,g,t 
Lithoglyphus  fuscus,  Hydrahia  maayinaia,  H.  Steinii,  and 
YaJvata  fluviatUis, 

Stratigraphy. 
Britain. 

Coralline  Crag. — ^This  crag  is  only  found  over  a  small 
area  in  Suffolk,  between  Aldborough  and  Tattingstone, 
and  is  exposed  in  several  small  isolated  tracts  at  these 
places,  and  at  Orford,  Sudboum,  Iken,  and  Sutton.  It 
rests  on  an  eroded  surface  of  the  London  Clay,  and  its 
basement  bed  contains  a  remarkable  assemblage  of  materials 
derived  from  older  deposits,  and  chiefly  from  the  London 
Clay ;  the  pebbles  are  chiefly  phosphate  nodules  of  a  dark- 
brown  colour,  but  with  these  are  fragments  of  septaria,  a 
few  small  pebbles  of  quartz  and  flint,  and  some  nodules  or 
balls  of  coarse  dark-brown  sandstone  often  containing  the 
cast  of  a  shell,  and  known  as  box-stones;  a  rounded 
boulder  of  dark-red  porphyry  also  occurred  in  this  bed  at 
Sutton ;  with  these  are  Crustacea  and  Fish-teeth  derived 
from  the  London  Clay,  Satirian  vertebrsB  from  the  Oxford 
Clay,  mammalian  teeth  of  doubtful  age,  and  many  Cetacean 
bones  and  teeth. 

The  fossils  in  the  Box-stones  correspond  with  those  of 
the  Diestien  or  Black  Crag  of  Antwerp  (see  p.  509),  and  it 
is  probable  therefore  that  deposits  of  this  age  previously 
existed  in  the  vicinity,  but  were  destroyed  by  the  encroach- 
ments of  the  sea  during  the  formation  of  the  crags ;  these 
stones  are  abundant  also  in  the  similar  nodule  bed  at  the 
base  of  the  Bed  Crag. 

Above  the  nodule  bed  there  are  yellowish  marly  sands 
and  fine  sharp  sands,  with  layers  of  comminuted  shells, 
from  30  to  40  feet  thick,  and  these  form  the  lower  division 
of  the  Crag ;  above  them  at  Sutton,  G^grave,  and  Ald- 
borough come  about  30  feet  of  a  soft  porous  yellowish- 
brown  calcareous  rock,  consisting  almost  entirely  of  com- 
minuted shells  and  fragments  of  Polyaoa,  which  are  often 
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arranged  in  oblique  laminae,  while  the  bedding  is  of  that 
irregular  kind  due  to  the  action  of  rapid  and  changeable 
currents.  This  soft  limestone  forms  the  upper  division  of 
the  Coralline  Crag.  Fossils  are  abundant  in  both  divisions, 
but  the  assemblages  are  often  rather  different. 

The  mollusca  of  the  Coralline  Crag  indicate  a  sea  of 
some  depth  (90-100  fathoms),  and  warmer  than  the  neigh- 
bouring sea ;  out  of  264  species  which  are  identical  with 
recent  forms,  200  are  living  in  the  Mediterranean,  and 
only  185  on  British  coasts,  seventeen  being  species  peculiar 
to  the  Mediterranean  and  fourteen  to  the  Atlantic  Ocean.* 

Red  Crag. — This  formation  covers  a  much  larger  area 
than  the  older  (Coralline)  crag,  and  is  apparently  con- 
tinuous over  a  space  of  800  or  400  square  miles  in  Suffolk, 
but  is  so  often  concealed  by  the  sands  and  clays  of  the 
Glacial  series,  that  generally  it  is  only  on  the  slopes  of  the 
valleys  which  intersect  the  district  that  the  crag  actually 
comes  to  the  surface.  The  best  exposures  occur  in  the 
valleys  of  the  rivers  Orwell  and  Deben,  and  in  the  cliff- 
sections  of  Felixstow  and  Bawdsey. 

The  Bed  Crag  rests  partly  on  thjB  London  Clay  and 
partly  on  the  Coralline  Crag,  wrapping  round  the  isolated 
reefs  of  the  latter,  filling  up  the  hollows  between  them, 
and  often  lying  nearly  on  a  level  with  the  older  crag. 

Professor  Prestwich  remarks,  "  whilst  the  Coralline  Crag 
consists  essentially  of  light-coloured  calcareous  beds  with 
an  admixture  of  siliceous  sand,  the  Bed  Crag  consists  of  a 
base  of  siliceous  sands,  with  more  or  less  of  the  peroxide 
of  iron,  and  a  few  thin  seams  of  clay.  They  form  such  an 
extremely  variable  series  that  I  have  failed  to  observe  any 
definite  order  of  succession  in  the  various  beds  of  the  lower 
series,  or  to  recognize  the  'beach-stages'  of  Mr.  S.  V. 
Wood,  jun.  I  would  divide  them  into  two  groups  only, 
the  lower  one  characterized  by  the  prevalence  of  oblique 
lamination,  without  permanent  or  definite  order  of  succes- 
sion in  the  beds,  and  the  upper  by  more  persistent  hori- 
zontal bedding.  Shells  abound  in  ihe  lower,  and  are  rarer 
in  the  upper  division."  * 

*  For  note  on  the  Kentiiih  Sands  see  Appendix  B. 
^  "  Quart.  Jonm.  GeoL  800.,**  toL  zxrii.  p.  325. 
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i)e  central  area  there  is  generally  a  basement  bed 
'^ph^tic  nodules  (the  so-called  coprolites)  like  that  at 
e  of  the  Coralline  Crag,  and  containing  a  similar 
lage  of  derived  stones  and  fossils, — flints  from  the 
Chalk^septaria  from  the  London  Claj, "  box-stones  "  from 
jstien  Crag,  large  pebbles  of  siliceous  sandstone 
i-ry),  chert  from  the  Lower  Greensand,  and  a  frag- 
red  granite ;  with  these  are  rolled  mammalian 
id  teeth,  and  manj  of  the  larger  contemporaneous 
jciallj  Trophon  antiqutmt.  Valuta  Lawherti^  Car- 
diwm  edide^  Pedv/nculus  glycimeria,  and  Cyprina  ielandica. 
This  basenient  bed  sometimes  thins  out  altogether,  and  in 
other  pla<^s  it  divides  into  two  beds  separated  by  one  or 
two  feet  of  shelly  crag. 

The  overlying  current-bedded  and  shelly  sands,  which 
form  the  d^)osit  known  as  the  Eed  Crag,  are  generaMy 
10  or  15  feet  thick,  but  sometimes  thicken  to  20  or  25  feet. 
The  upper  beds  are  more  evenly  bedded  and  contain  fewer 
shells  than  the  lower. 

The  manner  in  which  the  Bed  Crag  is  sometimes  banked 
against  the  Coralline  Crag  is  illustrated  in  the  section, 
fig.  128.  In  the  pits  near  Sutton  there  is  evidence  of  two 
shore-levels,  an  upper  and  a  lower  clilP-line,  implying  a 
submergence  of  9  or  10  feet  between  the  epochs  of  their 
formation.*  The  upper  cliff  is  about  12  feet  high,  and 
must  formerly  have  been  higher,  as  blocks  of  a  hard  bed 
capping  the  hill  above  are  found  at  its  ba«e,  and  some  of 
them  weigh  more  than  a  ton.  With  these  blocks  are  flints 
and  coprolites  and  shells  of  MytUU  while  the  surface  of 
the  Coralline  Crag  is  perforated  by  P^Zcw-borings.  The 
lower  shore-line  is  about  9  feet  below  the  upper,  and  here 
again  derived  blocks,  coprolites,  and  MyiUi  were  found. 
These  two  shore-lines  are  traceable  all  round  the  mass  of 
Coralline  Crag,  which  is  intersected  by  the  section,  fig.  123, 
and  which  evidently  formed  a  reef  in  the  Bed  Crag 
sea. 

At  St.  Erth,  near  Hayle,  in  Cornwall,  and  at  an  elevation 
of  about  100  feet  above  the  sea-level  (Ordnance  datum), 
there  is  a  deposit  of  clay  containing  a  nimiber  of  shells 


*  IVestwicb,  loc.  cit.,  p.  340. 
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whiclnroye  it  to  be  of  Pliocene  age.     The  beds  seen  in  a 
pit  nwr  the  yicarage  are : — 

1  ^^^ 

Loamy  Caj,  full  of  angular  stones 2  to  6 

Fine  gnk^l  ftod  coarse  ferruginous  sand 4  to  6 

Clay,  y4>^  above,  blue  beneath,  and  containing  many  fossils  6 

Fine  foindfy  sand,  base  not  exposed ?  10 

The  flind  is  probably  about  10  feet  thick,  and  is  said  to 
rest  on  fa  highly  ferruginous  sand,  locally  known  as 
"  growdett-,"  and  this  basement  bed  can  be  seen  at  a  little 
distajice  ^sting  on  an  Elvan  dyke. 

The  fos|ils  show  a  general  agreement  with  the  lower 
part  of  tUs  fied  Crag,  but  many  species  of  a  southern 
character  a^  present,  such  as  Fusus  comeue,  Nassa  recti- 
eoskUa,  Nast^  fntUabilia,  Cardiwm  tuberculatv/m,  0.  pa^fnU 
hsunif  Cardki  aculeata,  and  Ntuyula  sulccUa,  which  do  not 
occur  in  the  eastern  Crags,  while  the  Boreal  and  Arctic 
forms  found  so  abundantly  in  the  Crags  are  absent  at  St. 
Erth.  The  following  species  link  the  deposit  to  the  fied 
Crag,  Nasea  serrata  (reticosa),  ColumheUa  sulcata,  Litorina 
suboperta,  and  CanotnUiM  pyramidalis,  these  being  either 
confined  to  or  specially  abundant  in  that  deposit.  Alto- 
gether about  80  species  have  been  obtained  from  this 
clay.* 

Norwich  Crag. — This  group  has  a  more  extended 
range  than  either  of  the  older  crags,  since  it  is  found  at 
intervals  from  the  valley  of  the  Orwell,  in  Suffolk,  to 
Weyboume,  on  the  north  coast  of  Norfolk,  a  distance  of 
between  60  and  70  miles.  It  is  well  exposed  at  many 
localities  in  the  neighbourhood  of  Norwich,  whence  it  takes 
its  name ;  it  is  described  as  a  variable  group  of  sands, 
laminated  clays,  and  pebbly  gravels,  with  occasional  seams 
or  patches  of  shells,  and  different  local  names  were  given 
to  different  portions  of  the  group  before  it  was  ascertained 
that  they  all  belonged  to  one  division  of  the  Crag. 

Thus  in  Suffolk,  where  it  rests  indifferently  on  the  fied 
or  Coralline  Crags,  the  laminated  clays  and  fossiliferous 
sajids  are  known  as  the  '' Chillesford  or  Aldeby  Beds/* 

•  See  paprs  by  S.  V.  Wood,  in  "  Quart.  Joum.  Creol.  Soc.,"  toI.  xli. 
p.  65,  and  by  Messrs.  Bell  and  Kendall,  up.  cit.,  vol.  xlii. 
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while  in  Norfolk,  where  it  rests  directly  on  the  Chalk,  and 
has  a  basement  bed  of  large  flints  and  ferruginous^  gravel 
containing  mammalian  remains,  the  lower  beds  h£^e  been 
called  the  **  Mammaliferous  Crag,"  and  the  "  Fluvictmarine 
Crag,"  the  overlying  laminated  clays  and  sands  h.Ave  been 
termed  "  The  Laminated  Series,"  and  the  uppermot^t  pebbly 
sands  have  been  known  as  the  "  Bure  Valley  Beids,"  and 
also  as  the  "Westleton  Beds."  Mr.  H.  B.  Woodward 
remarks  that  though  near  Norwich  there  is  such  a  general 
succession,  as  above  indicated,  yet  none  of  the  layers  are 
persistent  for  any  distance,  the  laminated  clays  being  lenti- 
cular layers,  or  "  jambs,"  and  not  forming  a  definite  horizon 
to  which  the  name  Chillesford  Clay  could  be  applied.^ 

Fig.  125  shows  the  relative  position  of  the  three  crag 
groups  near  Aldborough  in  Suffolk  (after  Professor 
Prestwich,  loc.  cit.,  p.  339).  i 


Road. 


Railway. 


Fig.  126.     Section  by  Warren  House,  N.  of  Aldborough. 

Height  about  25  feet. 

e.  Sand  and  Gravel  (Glacial). 

Fig.  124  shows  the  general  position  of  the  Norwich  Crag 
in  Norfolk,  and  the  following  are  the  beds  exposed  in 
one  of  the  best  sections  near  Norwich,  viz.  Thorpe  Lime- 
kiln:— 

Feet 
False-bedded  sand  and  shingle,  formed  chieflj  of 
flint  and  quartz,  hardened  in  places  into  con- 
glomerate    8  to  13 

Fuse-bedded  sand,  with  seams  of  sandy  clay .  3 

White  and  buff  sands,  with  shell  patches        .        .        5 
Rolled  flints  with  pebbles,   sana  and  shells  and 

bones 1 

Chalk,  with  flints,  20  feet  shown. 

^  **  Geology  of  the  Country  around  Norwich,  Mem.  GeoL  Surrey,'* 
p.  34. 


Norwich 
Crag. 


I 

; 
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may  be  compared  with  the  Cottishall  section  in  the 

Bure  "lalley,  which  is  as  follows  :  ^ — 

I  Feet, 

w        •  1,1  r  False-bedded  pebbly  gravel  and  sand                      .  9  to  12 

^ur    H  ^™>"*^  c^*y»  ^»^^  a  bed  of  sand        ...  6 

1^  False-bedded  sand,  gravel,  and  jshell-beds       .  5 
Chalk,  wnb  flints,  12  feet  exposed. 

The  CSag  of  the  Bure  Valley  contains  two  shells  (Tellina 
BaUhica  laid  Paludina  vivipara)  which  have  not  been 
found  in  \he  sections  near  Norwich,  and  Mr.  S.  V.  Wood, 
jun.,  regflirded  all  the  beds  containing  the  Tellina  BaU 
thica  as  n&^er  than  the  Norwich  Crag.  Mr.  Woodward, 
however,  cdvisiders  them  and  the  Weyboume  Crag  (see 
p.  508)  to  belong  to  the  same  group,  and  remarks  that  even 
in  beds  which  are  acknowledged  to  be  on  the  same  horizon 
the  relative  abundance  of  the  species  varies  greatly, 
species  which  are  abundant  at  one  locality  being  rare  at 
others,  and  he  gives  several  instances  of  this  (op.  cit.,  p.  36). 

Near  Norwich  and  in  the  Bure  Valley  the  Norwich  Crag 
has  a  general  thickness  of  about  30  feet,  but  at  Beccles  it 
attains  a  thickness  of  95  feet,  exclusive  of  the  uppermost 
pebbly  division. 

The'  Norwich  Crag  contains  many  northern  forms  of 
mollusca  which  do  not  occtlr  in  the  Bed  Crag,  the  relative 
numbers  of  southern  and  northern  species  in  the  three 
Crags  being  as  follows : — 

Living  species.       Northern.        Southern. 

Norwich  Crag  .  .  130  .  19  .  11 
Bed  Crag  .  .  216  .  23  .  32 
Coralline  Crag .  264        .        14        .        65 

Thus  the  percentage  of  northern  species  in  the  Coralline 
Crag  is  5.0,  in  the  Red  Crag  10.7,  in  the  Norwich  Crag 
14.6 ;  in  the  Weyboume  Crag  it  is  16  per  cent. 

The  Forest  feed  Group. — The  highest  members  of  the 
Pliocene  series  are  exposed  along  the  Norfolk  coast  between 
Weyboume  and  Happisburgh  ;  they  have  been  described  by 
many  writers,  but  the  most  recent  and  complete  description 

*  Taken  from  Mr.  H.  B.  Woodward's  **  Geology  of  the  Country  arotrnd 
Norwich,  Mem.  Geol.  Surrey." 
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is  by  Mr.  C.  Beid,  of  the  G^eological  Surrey,*  who  c 
them  as  follows : — 


5.  Leda  mvalia  Bed 


\yaiu 
Fresi 


4.  Upper  Freshwater  Bed  )   p         |,  . 

a.  Foreet  Bed  (estnarine)     V  ^^I^IJ^  (      .  .     W  to  20 

2.  Lower  Freehwater  Bed  J      «^"P      ' 

].  Weyboorne  Crag 1  to  12 

The  Wey bourne  Crag  is  regarded  as  part  of  the  Norwich 
Crag  group,  the  fauna  differing  only  by  having  a  slightly 
greater  proportion  of  Arctic  species  and  by  including  Td- 
lina  BdUhicay  which  however  occurs  also  in  the  Bure  Valley 
beds. 

In  the  Forest  Bed  three  divisions  are  recognized  by  Mr. 
Beid,  but  the  lower  bed  is  a  local  and  partial  deposit,  its 
relation  to  the  central  estuarine  portion  resembling  that  of 
more  recent  **  submerged  forests  **  to  the  mud  of  modem 
estuaries.  The  middle  division  consists  of  clay,  sand,  and 
gravel  in  irregular  layers,  and  contains  a  mixture  of  marine 
and  freshwater  shells  with  many  mammalian  bones ;  it 
received  its  name  of  "  Forest  Bed  "  from  the  frequent  oc- 
currence of  stimips,  logs,  and  matted  roots  of  trees,  but 
these  are  not  in  the  position  of  growth,  as  formerly  sup- 
posed; they  have  all  been  drifted,  though  probably  not 
from  any  great  distance,  and  from  the  appearances  pre- 
sented  by  many  of  the  stumps  Mr.  Beid  concludes  that 
they  have  grown  on  the  side  of  a  steep  river-bank  which 
was  continually  being  imdermined  and  washed  away  by 
the  current,  "  and  settling  generally  in  an  upright  position 
as  we  should  expect  from  tiie  greater  density  of  the  roots, 
and  from  the  weight  of  the  adhering  soil,  they  have  formed 
'  snags '  in  the  river,  such  as  are  constantly  met  with  in 
streams  flowing  through  a  forest-clad  country." 

The  upper  surface  of  the  **  Forest  Bed"  is  often  weathered 
into  a  soil  and  penetrated  by  small  roots  (henoe  termed 
the  Bootlet  Bed),  and  is  in  some  places  covered  by  lacustrine 
deposits  containing  freshwater  shells,  with  remains  of  fish, 
amphibia,  and  sniall  mammalia ;  this  is  the  upper  fresh- 
water bed. 


I  ( 


*  Geology  of  the  Country  around  Cromer,  Mem.  Greol.  Survey,"  1882. 
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eda  myalis  bed  is  a  fine  current-bedded  loamy  sand, 
seams  of  loam  and  gravel.  The  fossils  are  marine, 
cate  a  depth  of  5  or  10  fathoms,  as  some  of  the 
occtir  with  the  valves  united  in  the  position  of 
the  moUusca  yet  found  (19  species)  occur  in 
time  Crag,  and  they  include  two  characteristic 
8,  Trophon  antiquu/m  and  Tellina  ohliqua.  One 
of  the  %st  exposures  is  at  Runton  Gap,  near  Cromer, 
where  LMa  myalia,  Mya  arenaria,  and  Astarte  horealis 
may  be  found  in  position  of  life,  and  the  bed  is  15  feet 
thick.  So^th  of  Cromer  it  either  thins  out,  or  is  cut  off 
by  the  Glaoial  Beds. 


Belgium  and  Fbance. 

Belgium. — In  the  neighboiurhood  of  Antwerp  there  is 
a  series  of  crag-like  deposits,  some  of  which  are  comparable 
to  our  Crags,  and  but  the  lowest  are  clearly  of  older 
date,  and  exhibit  aflnities  with  the  Faluns  of  France; 
these  have  been  termed  Miocene  by  some  authors,  Mio- 
Pliocene  by  others,  but  it  will  be  convenient  to  describe 
them  in  the  present  connection.  The  complete  succession 
is  as  follows : — 

5.  Sands  with  Trophon  cmtiquum.  )  p,. 

4.  Sands  with  Isocardia  cor.  j 

3.  Sands  with  Cetacean  bones.        )  fjf    pi* 

2.  Sands  with  Pectuncuhis  pUosua,  >      %^.  ^^^ 

1.  Sands  with  Panoptjea  Menardi.        ^^  i^esnen. 


(1)  The  sands  with  Panopcea  Menardi  rest  on  the  Rupe- 
lian  Clay  (Oligocene),  and  have  at  their  base  a  pebble 
bed  containing  i;olled  blocks  of  septaria  derived  from  that 
clay,  and  often  pierced  by  Pholas  borings ;  above  are  9  or 
10  feet  of  grey  and  somewhat  clayey  sand  full  of  shells, 
among  which,  besides  P.  Menardi,  are  Murex  NysH,  Conus 
Dujardinij  Pleurotoma  intermpta,  Aetarte  radiata,  Cardita 
intermedia^  Venus  muUilamella,  8aaica/oa  a/rctica,  and  I/iH' 
cina  horealis.  (2)  Above  this  are  dark  glauconitic  sands, 
with  Peduncuhis  pHosus,  Ostrea  navietdaris,  Pecten  Cail' 
laudif  and  some  of  the  same  species  occurring  in  the  bed 
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below.  (3)  At  the  summit  there  is  generally  a  jkjer  of 
pebbly  green  sand,  containing  sharks'  teeth,  ijbetacean 
bones,  and  some  of  the  same  shdls.  j 

Overlying  the  group  above  described  are  beds^)  which 
contain  a  fauna  similar  to  that  of  our  Coralline  t^ft^.  At 
the  base  is  a  pebble  bed  covered  by  a  blackish  aa^id  yield- 
ing sharks'  teeth,  Cifprina  rustica,  and  Cardiia  simiUs,  and 
this  passes  up  into  pale  greenish-grey  sand,  from  which 
above  60  species  of  shells  have  been  obtained,  the  most 
abundant  being  Isocardia  cor,  Astarte  Omalii,  JLudna  ho- 
realiSf  Bingicida  huccinea,  and  Turritella  incrasacUa,  with 
bones  of  BaUena  and  BcUcenoptera. 

Besting  on  the  eroded  surface  of  No.  4  are  red  and  grey 
sands  similar  to  our  Bed  Crag,  and  containing  many  of 
the  same  shells,  especially  Trophan  antiquum,  Tr.  grcunk, 
VohUa  Lamherti,  Ndssa  retieosa,  N.  lahiosa,  Furptira  teira- 
gona,  Pecten  maaimus,  and  P.  Gerardi,  No  newer  Pliocene 
beds  comparable  to  the  Norwich  Crag  have  yet  been  found 
in  Belgium. 

France. — Space  will  not  allow  us  to  review  all  the 
Pliocene  deposits  of  France,  and  still  less  to  notice  those 
of  Austria,  Italy,  and  Greece.  Those  of  the  Cotentin  in 
Normandy  and  of  the  Auvergne  are  selected  for  descrip- 
tion. 

In  Normandy  the  Pliocene  beds,  overlying  the  Faluns 
mentioned  on  p.  493,  are  divisible  into  two  stages : — 

2.  Mames  k  Nasaa. 

1.  Conglomerat  sableux  a  Terdyraiula  grandis. 

The  lower  of  these  is  a  ferruginous  sandy  gravel,  from 
15  to  20  feet  thick,  and  has  yielded  at  Courbeville  143 
species  of  fossils,  of  which  105  occur  in  otir  Crags,  equal 
numbers  (namely  99)  being  common  to  the  Coralline  and 
the  Bed  Crag;  hence  it  would  appear  to  represent  the 
lowest  part  of  the  Bed  Crag,  or  possibly  the  interval 
between  that  and  the  Coralline  Crag.  The  Mames  k  Ncum 
consist  of  grey  or  greenish  marl,  sometimes  argillaceous 
and  sometimes  calcareous  matter  predominating,  and  the 
thickness  varies  from  15  to  20  feet ;  Nasaa  linuUa  is  the 
commonest  shell,  and  out  of  53  species  28  occxu:  in  our 
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Bed  Crag,  22  in  the  Norwich  Crag,  and  13  in  the  St.  Erth 
beds. 

In  Auvergne,  at  Perrier  and  elsewhere,  fluviatile  and 
lacustrine  deposits  occur  above  the  lava-flows  which  de- 
stroyed the  Oligocene  lakes,  but  are  themselves  covered  by 
newer  sheets  of  lava  and  volcanic  ash.  These  beds  have 
yielded  bones  of  Mastodon  arvemensia,  Rhinoceroa  mega- 
rhinus,  Elephas  meridionalia.  Hippopotamus  major,  and  a 
number  of  peculiar  deer — Cenms  cusanus,  C.  Perrieri,  0. 
ettLena/rum,  C.  pardinensis,  and  0.  tetraceros ;  with  these 
are  many  beasts  of  prey,  extinct  species  of  tigers  (Machau 
Todus),  panthers,  lynxes,  bears,  wolves,  and  hyaenas. 


C.  Pleistocene  Series. 

The  term  Pleistocene  was  used  by  Sir  Ch.  Lyell  to 
denote  such  deposits  as  were  newer  than  the  Pliocene,  and 
yet  hot  modem  enough  to  be  called  Recent,  and  he  grouped 
[X)th  the  Pleistocene  and  Recent  deposits  under  the  head 
of  Post-Tertiary.  This  last  term,  however,  is  undesirable, 
because  it  implies  a  distinction  and  separation  from  Ter- 
tiary which  does  not  exist.  The  same  objection  holds  with 
regard  to  the  synonym  Quaternary,  which  is  much  used 
on  the  Continent  and  in  America. 

I  have  consequently  followed  the  example  of  Professor 
Jukes,  and  take  Pleistocene  to  include  all  the  deposits 
that  have  been  formed  from  the  close  of  the  Pliocene 
down  to  the  present  time.  In  England  these  deposits  may 
be  conveniently  divided  into  Glacial  and  Post-Glacial  Beds, 
but  Professor  Dawkins  has  pointed  out  that  the  Glacial 
epoch  must  be  regarded  as  a  special  episode  or  phase  of 
Pleistocene  times,  the  influence  of  which  was  limited  to 
certain  parts  of  the  earth's  surface ;  he  proves,  moreover, 
that  the  transition  from  Pliocene  to  Pleistocene  time  is 
marked  by  a  change  in  the  mammalian  fauna  of  Europe, 
and  consequently  that  it  is  the  introduction  of  this  fauna, 
and  not  the  first  cpmmencement  of  glacial  conditions, 
which  marks  the  beginning  of  Pleistocene  time.  The 
Glacial  period  did  not  define  one  fauna  from  another,  but 
only  modified  the  range  of  certain  species,  limiting  that  of 
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the  soiithem  forms  and  extendisg  that  of  the  northern 
forms,  during  its  continuance. 


Life  of  the  Period. 

The  Glacial  deposits  contain  but  very  few  traces  of  life, 
though  remains  of  the  Mammoth  (Elephas  primigff9mi) 
and  the  Iteindeer  {CervuB  tarandus)  have  been  found  in 
the  so-called  inter-glacial  beds  of  S(K)tland ;  while  Eltplm 
antiquus,  Bhinoceros  leptorhinua,  and  Bos  primigenius  haTe* 
been  f  oiuid  in  gravel  beneath  the  uppermost  Boulder-claj 
in  Lincolnshire. 

The  Mollusca  of  Pleistocene  times  all  belong  to  living 
species,  but  those  found  in  the  marine  Glacial  deposits  are 
such  as  live  in  the  seas  round  the  northern  parts  of  o\a 
islands,  the  species  of  our  southern  coasts  being  generally 
absent.  The  following  are  some  of  the  commoner  species 
in  Glacial  beds : — 

Chisteropoda, — Natica  clausa,  Trophon  clathratum,  Buc- 
cinum  undatum,  B.  groenlandicum,  Pleurotoma  turricula, 
Turritella  terebra. 

Lamellihranchs, — Pecten  islandicus,  Leda  truncata,  L. 
lanceolata,  Tellina  calcarea,  T.  balthica,  Astarte  borealis, 
A.  compressa,  Panopsea  norvegica,  Saxicava  rugosa,  Cjprina 
islandica. 

The  mammalian  fauna  of  the  period  is  prindpallj  known 
from  the  remains  preserved  in  the  caves  and  river-gravels 
of  southern  and  central  England,  some  of  which  may  pos- 
sibly be  contemporaneous  with  the  later  Glacial  deposits 
of  the  more  northern  districts ;  there  is  at  any  rate  little 
doubt  that  the  fauna  of  the  older  river-gravels  is  that 
which  existed  on  the  Etiropean  continent  during  the 
Glacial  epoch. 

Professor  Dawkins  remarks  that  "  the  remarkable  asso- 
ciation of  animals  in  Pleistocene  Europe,  some  of  which 
are  now  only  alive  in  widely  remote  parts  of  the  world, 
points  with  unerring  certainty  to  great  geographical  and 
climatal  changes.  Nearly  all  the  temperate,  northern, 
and  mountainous  species  can  be  traced  to  northern  and 
central  Asia,"  and  to  account  for  this  immigration  he 
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■uppcwes  that  a  low-lying  tract  of  coustrj  between  the 
Caapiaji  and  the  Gulf  of  Obi,  which  had  probably  hitherto 
been  the  bottom  of  a  shallow  sea,  and  bad  pr^Teoted  any 
eutier  migration,  wb«  now  elerat^d,  and  allowed  of  their 


I.  BippopoUmi 


itodoD  Ohiotkiu  (i). 


Rbinocsroa  iBpUriiiiiu  U). 


_)  into  Bnrope.  The  concomitant  lowering  of  the 
temperature  gave  an  impulBe  to  this  migration ;  "  as  the 
cttld  increaBed  in  Ana,  and  the  warm  Pliocene  climate  of 
northern  and  central  Europe  gradually  became  cool,  the 
apimalB  which  had  been  living  in  Ana  for  an  unknown 
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series  of  years  poured  in  bj  the  waj  now  opened  for 
them." ' 

From  the  list  of  Forest  Bed  mammals  given  on  p.  500,  it 
will  be  seen  that  this  immigration  of  Arctic  and  tempeiate 
Asiatic  species  had  commenced  at  that  time,  and  that 
many  of  them  had  reached  the  British  area ;  that  bed  was 
eyidentlj  formed  just  at  the  time  of  transition  from  Plio- 
cene to  Fleistocene  conditions,  but  as  the  Pliocene  ^una  had 


Fig.  127.    Skeleton  of  Certus  megtceros. 
The  original  about  10  feet  high, 

not  then  been  wholly  displaced,  and  many  characteristic 
Pliocene  species  still  remained  in  Britain,  it  is  conyenient 
to  retain  tne  Forest  Bed  in  the  earlier  series. 

The  following  is  a  list  of  the  Pleistocene  Mammalia:— 

(1.)  Survivals  from  later  Pliocene. 

Hippopotamus  maior.  Cenrus  elaphns  (Stag). 

Rhinooeios  megarninus.  Equus  caballns  (Horse). 

Sephas  antiqnns.  Sua  scrofit  (Wild  Boar). 

„       primigeiiius.  Canis  lupus  (Wolf). 
Bos  primigenius.  „     Tulpes  (Fox). 

Onbos  moschatui  (Musk-ox).  Martes  sylvatica  (Blarten). 


I   u 


Early  Man  in  Britain,"  1880,  pp.  109,  121. 
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Uachairodiu  UtidHU.  Arriools  mmphibiK  (Vole). 
Uimu  feroK  (Gritzlj  Bear).  „       gregalia. 

„     ipelvtiB  (Cave  Bi>«r).  „       amlis. 

Gnlo  Imcus  (Glutton).  „       glareolaa. 

Culor  eoropeiu  (BeaTer),  Sorex  Tnlgaru  (Shrew). 
iia»  aylvaticiu  (Moiim). 

(3.)  Nta-eomen  m  thi  aider  T^nua  SravtU. 

Bhinoceroi  tichorhiniu.  Felis  catiu  (Wild  CatV 

„  laploriunm.  Lutra  Tutgaru  (OiIot). 

Bison  priicHB  (Bi«oii).  Ef  noa  crocnta  (SpotUd  ^sen 

"  philiu  catilloa.  Cerrni  mogaoenM  (Irish  Elk). 


Spmnophili 


M  (Brown  Bear).  „      dama  (Fallow  Deer). 

Felia  lao  (Lion).  „      capraolua  (Roe  Deer). 

Hoat  of  the  above  occur  also  in  the  later  river-^^vels  and 
in  the  caTe-depodta  of  England,  but  are  accompanied  bj 
the  following  additional  species : — 

Felii  I  jDX  (Ln>x). 

„     pardiu  (Leopard). 

„     cutter  (Caflbr  Cat). 

HuM«1b  putoriui  (Stoat).  Ufade*lemmii«(ATciicLemDiing1. 

fW«Hh.  Lepiu  variabilis  (Mountaia  Hare). 

LalpnDTB  poiillus  (TuUeai  Hare). 

Airicob  rattiotps  (Rnstiao  Vole). 

Pleistocene  deposits  in  other  parts  of  the  world  have 
yielded  many  remarkable  extinct  species  of  Mammalia; 
tboB  in  North  America,  besides  the  mammoth  and  other 
ftniinalH  which  lived  also  in  Europe  and  Asia,  there  was  a 
n>ecie8  of  Mattodon  differing  from  those  of  Miocene  and 
Pliocene  times  in  having  tusks  only  in  the  upper  jaw  when 
adult,  though  the  rudiments  of  the  lower  pair  of  tusks  are 
found  in  the  skulls  of  very  young  animals.  Fig.  128  repre- 
sents ti^nMoHodon,  which  seems  to  have  lingered  in  North 
America  to  as  late  b,  period  as  the  Irish  elk  and  the  Mam- 
Tuotb  did  in  England. 

In  South  America  the  Pleistocene  fanoa  includes  many 
gigantic  progenitors  of  the  animals  which  compose  the 
peculiar  existent  fauna  of  that  country.  The  leaf-eating 
sloths  of  the  present  day  were  thus  preceded  by  gigantic 
Edentates — the  Mylodon  (11  feet  long),  the  Megatherium 
(18  feet  long),  so  well  known  from  the  skeleton  in  the 
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British  Museum  (fig.  129),  the  MegdUmyx,  and  the  Seelido" 
therimn.  The  armadillos  were  represented  bj  the  01^ 
todon^  whose  curved  back,  with  its  tesselated  coat  of  maal, 
measured  7  feet  across,  the  whole  animal  from  snout  to 
end  of  tail  probably  measuring  9  or  10  feet.  There  were 
also  extinct  species  of  mastodon,  opossum,  tapir,  peccaiy, 
llama,  hprse,  platjrhine  monkeys,  and  various  camivora. 

The  same  is  the  case  in  Australia,  where  extinct  spedes 
of  Marsupials,  and  many  of  them  gigantic  forms,  preceded 
those  which  now  occupy  the  country ;  gigantic  kangaroos 
and  wombats,  with  animals  (Diprotodon  and  Nototherium) 
which  are  intermediate  between  recent  genera,  were  the 
prey  of  equally  large  carnivorous  genera  (ThylaeoleOy  &c.). 


Stratigraphy, 

a.  Glacial  Deposits. 

The  Glacial  Beds  are  the  relics  of  a  period  when  the  con- 
ditions which  are  now  confined  to  the  Arctic  and  Antarctic 
regions  prevailed  over  the  whole  of  northern  Europe.  The 
deposits  accumulated  during  this  period  are  principally 
such  as  result  from  the  action  of  moving  masses  of  ice 
(boulder-clays),  or  from  the  action  of  strong  currents  of 
water  (coarse  gravels),  but  interstratified  with  these  there 
are  sometimes  sands,  brick-earths,  and  laminated  loams 
which  have  been  deposited  in  quiet  water  and  in  a  more 
gentle  manner. 

These  Glacial  deposits  are  spread  over  large  tracts  of  the 
British  Islands,  and  are  found  in  all  parts  except  the  ex- 
treme south  of  England  and  Ireland ;  but  they  differ  so 
much  in  different  districts,  and  vary  so  much  even  in 
different  parts  of  the  same  general  district,  that  few  writers 
have  yet  attempted  anything  like  a  general  correlation  of 
them.  Our  knowledge  of  them  is  not  yet  sufficiently  com- 
plete for  any  such  attempt  to  prove  satisfactory,  and  at 
present,  therefore,  most  districts  have  each  their  own  local 
classification  and  nomenclature. 

For  descriptive  purposes  Britain  may  be  divided  into  the 
following  districts,  and  some  account  will  be  given  of  the 
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Glacial  deposits  which  have  been  described  in  each  of 
them. 

1.  East  Anglia.  6.  Ireland. 

2.  Midland  Counties.  7.  North  of  England  and 

3.  Lincoln  and  York.  South  Scothuid. 

4.  Cheshire  and  Lancashire.       8.  North  Scotland. 

5.  Wales. 


1.  East  Anglia, 

In  the  north-east  of  Norfolk,  where  the  most  complete 
sections  occur,  the  following  divisions  have  been  made,  but 
it  should  be  stated  that  there  is  no  locality  where  they  can 
all  be  seen  in  vertical  succession : — 

UT>T>«r   f  Plateau  Gravel, 
^PP«r-  \  Chalky  Boulder-clay. 

(Sands  and  Gravels, 
Contorted  Drift, 
Cromer  Till,  and 
Arctic  Freshwater  Bed. 

The  Arctic  Freshwater  Bed  was  •first  described  by  Mr.  C. 
Eeid  in  1880,*  who  then  distinguished  it  from  the  Forest 
Bed,  and  placed  it  at  the  base  of  the  Pleistocene  series 
because  the  plants  found  in  it  indicate  a  great  change  from 
the  climate  of  the  earlier  bed.  Trees  seem  to  have  entirely 
disappeared,  and  the  plants  include  the  dwarf  Arctic  bircn 
(BettUa  nana),  the  Arctic  willow  (Salix  polaris),  and  mosses 
which  now  only  live  within  the  Arctic  circle.  It  consists 
of  a  layer  of  clay  and  loam  about  two  feet  thick,  but  is  not 
by  any  means  continuous,  having  only  at  present  been 
found  at  three  localities  on  the  coast,  viz.,  Bieeston,  Mun- 
desley,  and  Ostend,  near  Bacton.  It  rests  on  the  Leda 
myaiU  bed,  and  is  overlain  at  the  two  latter  places  by  the 
Cromer  Till. 

The  Cromer  Till,  where  thickest  near  Happisburgh,  con- 

^  *'  Geol.  Mag.,"  Dec.  2,  toI.  tu.  p.  54S ;  lee  also  "  Geology  of  Cromer," 
Mem.  Geol.  Siirr.,  p.  83. 
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giBts  of  two  beds  of  tough  grey  unstratified  boulder-claj, 
with  an  intermediate  band  of  finely  laminated  and  ripple- 
marked  clay.  The  Boulder-days  contain  fragments  of 
marine  shells,  with  pebbles  and  boulders  of  many  kinds  of 
rocks,  including  gneiss,  mica-schist,  carboniferous  lime- 
stone, basalt,  red  and  grey  granites,  pebbles  of  hard 
chalk  which  have  been  bored  by  marine  annelids,  and  sub- 
sequently striated,  and  septaria  from  the  Kimeridge  claj 
which  have  been  similarly  treated.  The  laminated  beds 
contain  no  fossils  or  foreign  fragments  of  any  kind. 

The  Contorted  Drift  is  usually  a  yellowish  marly  and 
sandy  clay  full  of  stones,  so  that  it  is  really  only  a  variety 
of  Boulder-clay,  but  it  exhibits  a  rude  kind  of  stratification, 
and  includes  knots,  patches,  and  seams  of  sand  and  gravel, 
and  the  whole  has  a  twisted,  contorted,  and  kneaded  ap- 
pearance. Another  remarkable  feature  of  the  deposit  is 
the  occurrence  of  large  tabular  masses  of  chalk,  some  of 
which  are  20  to  30  feet  thick,  and  from  100  to  180  yards 
long.  This  drift  contains  boulders  similar  to  those  in  the 
Till  below  and  many  broken  shells,  the  latter  being  frequent 
in  the  nests  and  patches  of  sand,  TeUina  baUhica,  Ckmiiwn 
edule,  Cyprina  isUindica,  and  Mya  arenaria  being  the  com- 
monest species. 

At  Beeston  Hill  (north-west  of  Cromer)  the  thickness  of 
the  Contorted  Drift  amounts  to  170  feet,  and  the  contor- 
tions in  this  district  are  very  marked,  but  to  the  south- 
east of  Cromer  they  become  less,  and  the  deposit  finally 
passes  into  a  tolerably  regular  bed  of  stony  loam  about  30 
feet,  intercalated  between  two  thick  deposits  of  sand,  each 
from  20  to  40  feet  thick,  the  upper  of  which  contains  the 
same  marine  shells  as  are  found  in  the  contorted  masses 
near  Cromer.  The  same  change  into  loams,  sands,  and 
fine  gravels  seems  to  occur  as  the  Contorted  Drift  is  traced 
to  the  south-west  beneath  the  Upper  Glacial  Clay  (see  fig. 
124,  p.  504).  Moreover,  the  underlying  Cromer  Till  appears 
to  thin  out,  so  that  in  the  neighbourhood  of  Norwich  the 
Lower  Glacial  group  consists  only  of  the  two  following 
members : — 

Stratified  sands  and  gravel,  10  to  20  feet. 

Brown  stony  loam  and  Boulder-clay,  10  to  30  feet. 
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Such  beds,  vitb  occasiocial  intercalations  of  laminated 
loa.m  or  brick-earth,  cover  lar^e  areas  in  the  east  of  Norfolk, 
Suffolk,  and  Essex,  but  as  the  beds  are  followed  to  the 
higher  ground  in  the  western  parts  of  thesp  counties,  and 
to  the  Chalk  escarpment  in  Cambridgeshire,  they  thin  out 
and  are  overlapped  hj  the  Upper  Qlacial  Clajr,  which  then 
rests  directly  on  the  Chalk. 

The  Upper  GtUcial  Clay  is  a  stiff  bluish-grey  Boulder- 
clay,  containing  an  abundance  of  ground-up  chalk  and 
striated  chalk-stonefl,  together  with  flints  and  a  variety  of 
other  Irocks ;  among  these  the  debris  of  Jurassic  rocks  is 
conspicuous,  the  great  clay  formations — Lias,  OEford,  and 
Eimeridge  clays — have  evidently  furnished  much  of  the 
clayey  material,  for  septaria  from  these  clays  and  pieces  of 
limestone,  like  the  Lincolnshire  oolites,  are  very  numerous, 
and  derived  fossils  such  as  Orypheea  incurva,  Orypluea 
dilalata,  Myaeitet  LUteri,  &c.,  and  Belemnites  abbreviatm, 
are  not  uncommon.  In  this  respect  it  contraata  with  the 
Boulder-clays  of  the  Lower  Glacial  group. 

This  Boulder-clay  exhibits  a  fairly  uniform  character 
over  a  large  area,  and  spreads  over  a  great  part  of  South 
Korfolk,  Suffolk,  Essex,  Cambridge,  Herts,  and  Middlesex, 
the  most  southerly  outlier  being  that  on  Muswell  Hill, 
north  of  Highgate ;  here  the  clay  is  of  the  usual  pale 
colour,  and  contains  occasional  fragments  of  Bed  Chalk, 
which  must  have  journeyed  a  disttmce  of  some  100  miles, 
for  the  nearest  place  whence  they  could  have  been  derived 
ia  Hunstanton  in  Norfolk. 

The  thickness  of  this  great  sheet  of  Boulder-clay  is  very 
rariable,  sometimes  only  a  few  feet  can  be  seen,  and  in 
other  places  borings  have  gone  through  100  or  150  feet  of 
it.  Its  base-line  is  very  irr^iular,  and  it  sometimes 
descends  with  a  rapid  slope  into  valley-Uke  troughs, 
which  are  thus  completely  filled  with  the  clay ;  the  modem 
valleys  often  intersect  these  troughs,  but  have  no  definite 
relation  to  them  ;  and  the  excavation  of  the  troughs  may 
reasonably  be  referred  to  the  action  of  the  same  agent  that 
caused  the  contortions,  and  formed  the  Upper  Boulder- 
clay  itself,  viz.,  the  impact  of  laige  masses  of  ice. 

Another  fact  of  some  importance  in  connection  with  the 
formation  of  this  clay  is  tne  occurrence  in  it  of  pebbles 


522  NBOzoic  BOCKS.  [past  t. 

which  have  been  carried  up  to  a  level  much  higher  than 
that  of  their  source ;  thus  phosphate  nodules  derived  from 
the  Cambridge  Greensand  have  been  found  at  a  level  of 
500  feet  above  the  sea,  whereas  the  outcrop  of  the  parent 
stratum  to  the  north  and  west  is  everywhere  under  150 
feet. 

The  last  and  highest  Glacial  deposit  in  East  Anglia  is  a 
coarse  flint  gravel,  which  forms  isolated  plateaux  such  as 
Household  Heath,  near  Norwich,  and  consists  mainly  of 
large  rolled  and  battered  flints  with  some  pebbles  of  quartz, 
quartzite,  granite,  &c.  This  gravel  attams  a  thickness  of 
from  20  to  40  feet;  it  generally  rests  on  the  Upper 
Boulder-clay,  and  but  seldom  reposes  directly  on  the 
Chalk. 

2.  Midland  Counties, 

The  Glacial  deposits  of  these  counties  seldom  exhibit  so 
much  of  a  definite  succession  as  those  of  East  AngUa,  but 
in  the  eastern  part  of  the  Midland  area  the  following 
beds  can  be  distinguished : — 

3.  Plateau  gravels. 
2.  Upper  Boulder-clay. 
1.  Sands  and  gravels. 

The  lower  sands  and  gravels  occur  chiefly  on  the  lower 
grounds,  and  up  to  levels  of  300  or  400  feet ;  they  contain 
a  variety  of  rocK-fragments,  but  Jurassic  detritus  generally 
preponderates;  they  frequently  exhibit  contortions  and 
disturbances,  and  seem  sometimes  to  be  abruptly  cut  off, 
or  replaced  by  Boulder-clay ;  this  is  particularly  noticeable 
in  the  district  between  Hitchin  and  Shefford,  and  may  be 
due  to  the  forcible  impact  of  ice  at  the  time  of  Tna-Tiirmm 
gladation. 

The  Boulder-clay  varies  in  colour  from  pale  grey  to 
black,  being  darkest  where  it  rests  on  the  Kuneridge  and 
Oxford  clays ;  lumps  of  chalk,  flint,  and  oolite  limestone 
are  common,  and  ice-scratched  boulders  of  carboniferous 
limestone  are  not  rare.  This  clay  is  known  to  occur  in  the 
vicinity  of  Aylesbury  and  Bicester,  but  does  not  extend 
;aiuch  farther  south. 
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Coarse  gravel  of  the  Plateau  type  is  occasionally  found 
capping  the  higher  elevations  of  Boulder-clay,  and  becomes 
a  conspicuous  feature  in  the  southern  part  of  the  area, 
especially  in  Oxfordshire,  where  all  the  higher  elevations 
are  capped  by  gravel,  consisting  principally  of  rounded 
pebbles  of  quartz  and  quartzite,  with  some  of  flint  and 
homstone.  Professor  Hull  thinks  there  is  no  doubt  it 
once  formed  a  continuous  covering  over  this  district,  and 
that  it  has  been  subsequently  removed  from  those  parts 
which  are  below  a  certain  level.  Along  the  line  of  the 
Thames  valley,  however,  it  occurs  on  minor  heights,  as  low 
as  300  feet  near  Wallingford.  Westward  it  reaches  into 
Gloucestershire,  and  caps  the  northern  summits  of  the 
Cotteswold  Hills  at  heights  of  600  and  700  feet. 

As  the  Boulder-clay  is  followed  westward  it  seems  to 
pass  into,  or  to  be  replaced  by  clay  of  rather  a  different 
aspect ;  the  chalky  form  of  it  extends  as  far  as  Rugby  and 
Chamwood  Forest,  but  does  not  occur  far  bevond  the 
limits  of  the  Lias,  and  in  Warwickshire  its  place  is  taken 
by  a  red  clay  or  marl  containing  rock-fragments  derived 
from  formations  that  lie  to  the  north  and  north-east,  such 
as  occur  in  the  Pennine  Hills,  Chamwood  Forest,  and  the 
Hartshill  Eidge,  with  pebbles  from  the  Trias,  Jurassic 
limestones,  and  flints,  but  fragments  of  chalk  are  rare ; 
its  colour  is  doubtless  obtained  from  the  working-up  of 
the  Triassic  marls  and  sandstones.  About  Stafford  and 
Wolverhampton  this  clay  begins  to  contain  erratics  from 
the  north-west  as  well  as  from  the  north-east,  and  this 
type  of  clay,  often  covered  by  sand  and  gravel,  can  be 
traced  up  to  the  watershed  of  the  Trent  valley.^ 

The  Pleistocene  deposits  of  the  Trent  bsiisin  form  the 
subject  of  a  recent  memoir  by  Mr.  E.  M.  Deeley,*  who 
makes  a  threefold  division  of  the  Glacial  Drifts  in  this 
area,  as  below : — 

^  i  Later  Pennine  Boulder-clay. 

(  Liter-glacial  river-gravels. 


*  Mackintovh,  *<  On  the  Drift  of  the  Midland  Counties,'*  Quart.  Jonrn. 
Greol.  Soc.,  Tol.  xxxvl.  p.  178. 

•  ••  Qnart.  Joum.  G«ol.  Soc.,"  Anffust,  1886.  , 
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(  Chalky  sand  and  gravel. 
Middle.     <  Chalky  Boulder-clay,  with  occasional  sands 

(     and  loams  at  its  base. 

i  Middle  Pennine  Boulder-clay. 
Older.       <  Quartzose  sands. 

(  Early  Pennine  Boulder-clay. 

The  oldest  deposits  are  brownish  Boulder-clays,  composed 
almost  entirely  of  materials  derived  from  the  Derbyshire 
Hills ;  there  are  often  two  sheets  of  such  clay  separated 
by  beds  of  clean  quartzose  sand,  which  is  frequently  current- 
bedded,  and  is  spread  over  a  wide  area. 

Under  the  head  of  Middle  Pleistocene  he  groups — (1) 
certain  stratified  sands  and  loams  which  underlie  the 
chalky  Boulder-clay  near  Melton  Mowbray ;  (2)  the  wide- 
spread chalky  clay  itself;  (3)  certain  overlying  gravels 
which  also  contain  flints  and  chalk  debris  :  these  last  may 
partly  represent  the  southern  Plateau  gravels. 

Bordering  the  main  river- valleys,  and  frequently  occupy- 
ing terraces  sometimes  at  least  70  feet  above  the  rivers, 
are  stratified  gravels  and  sands  with  current  bedding  point- 
ing down  stream  ;  the  materials  composing  these  gravels 
are  such  as  would  be  derived  from  the  area  drained  by  the 
river,  and  the  gravels  are  frequently  contorted  as  if  by  the 
grounding  of  ice.  Above  these  gravels  and  sweeping  down 
the  valley  slopes  with  an  average  thickness  of  eight  or  nine 
feet  is  a  gravelly  Boulder-clay  formed  chiefly  of  local 
materials,  with  erratics  from  the  Pennine  range,  some  of 
which  are  ice-scratched.  This  latest  Boulder-clay  is  not 
confined  to  the  valleys,  but  spreads  over  much  of  the  lower 
ground  like  a  mantle,  accommodating  itself  to  all  the  minor 
features  of  the  district,  and  is  only  cut  through  by  the 
post-glacial  courses  of  the  rivers. 


3.  Lincolnshire  and  Yorkshire. 

The  Glacial  Beds  in  these  counties  consist  chiefly  of 
Boulder-clays,  and  there  are  two  distinct  types  or  varieties 
of  clay,  which  appear  to  be  of  different  ages ;  but  the  older 
i%  certainly  identical  with  the  Upper  Q-lacial  Clay  of  East 
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Anglia,  so  that  the  newer  must  belong  to  a  later  part  of 
the  Glacial  period  than  anything  which  is  to  be  found  in 
the  more  southern  counties,  unless  it  is  to  be  correlated 
with  the  Plateau  gravels.  These  two  clays  occupy  sepa- 
rate tracts,  and  are  only  contiguous  at  a  few  localities. 

The  Chalky  Boulder-Clay. — The  same  type  of  clay 
described  as  occurring  in  the  eastern  Midlands  extends 
throTigh  the  counties  of  Leicester  and  Rutland  into  Lin- 
colnshire, passing  from  the  Lias  lowlands  up  to  the  sum- 
mit of  the  Oolitic  escarpment.  Near  this  escarpment 
Jurassic  debris  decidedly  preponderates  over  Chalk  debris, 
and  we  again  meet  with  the  phenomenon  of  stones  being 
carried  up  far  above  their  parent  sites.  The  Boulder-day 
of  the  h^h  ground  between  Stamford  and  Grantham  is 
also  remarkable  for  containing  huge  masses  of  Lias  marl- 
stone  and  Lincolnshire  limestone,  which  have  been  carried 
many  miles  from  the  spots  whence  they  were  quarried  by 
the  ioe.^  These  appear  to  have  come  from  the  west  and 
south-west,  while  carboniferous  rocks  have  come  from  the 
north-west,  and  chalk  from  the  north-east,  so  that  several 
ice-currents  seem  to  have  met  in  this  area. 

Local  and  lenticular  beds  of  sand  and  gravel  occur  both 
beneath  and  in  the  Boulder-clay,  and  patches  of  Plateau 
gravel  are  found  on  the  higher  levels  with  the  usual  asso- 
ciation of  quartz,  quartzite,  and  flint-stones. 

The  same  Boulder-clay  is  also  found  in  the  central  parts 
of  Lincolnshire,  spreading  over  the  Jurassic  days  east  of 
Lincoln  by  Tattershall,  Homcastle,  Wragby,  and  Market 
Basen ;  and  the  increase  in  the  amount  of  chalky  matter 
in  the  direction  of  the  Chalk  Wolds  is  particularly  notice- 
able, till  near  these  hills  it  becomes  a  stony  chalk  marl, 
and  has  been  burnt  for  lime  in  some  places.  There  is, 
however,  very  Kttle  of  it  on  the  Wolds  themselves,  though 
its  occurrence  at  Kelstem,  near  Louth,  proves  that  it 
originally  spread  over  all  levels  below  400  feet. 

Below  the  escarpment  it  has  been  traced  northward  to 
Brigg,  but  has  not  yet  been  identified  at  any  place  farther 
noiih  in  this  direction,  though  it  is  probable  tliat  the  lower 

^  See  Profeaeor  Morris,  "Quart  Joum.  OeoL  Soc.,"toU  ix.  p.  317, 
And  **  Mem.  Geo!.  Surrey,  Exp].  Sb.  70,''  p.  77. 


yalleys,  and  appear  to  hav^ 
heights  of  380  feet,  but  onljl 
level. 

They  attain  a  great  thicknei 
100  feet),  and  rest  on  a  plain  i 
end  of  which  is  about  80  feet 
level,  and  which  appears  to  efi 
of  cli&  along  the  eastern  nu 
lower  part  of  the  daj  is  nowl 
the  greater  part  of  the  deposit  ii 
clay,  containing  stones  and  boi 
red  Triassic  sandstone,  coal  p< 
stones  and  limestones,  and  vole 
Lenticidar  beds  of  sand  and  g 
various  places,  but  do  not  form 
horizon.   The  uppermost  part  < 
reddish-brown,  with  streaks  of  s 
lines  of  cracking  and  jointing 
probably  been  caused  by  the  ch( 
water.    There  are  often  beds  of 
this  upper  clay,  and  such  sectioi 
there  being  two  Boulder-clays 
hence  the  upper  clay  has  been 
the  lower  the  Purple  clay ;  but 
plete  passage  from  the  upper  cla 
gradimlly  disappearing,  withou 
sand  or 
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the  same  set  of  beds,  and  show  the  same  red  streaky  clay, 
with  associated  sands  overljring  brown  and  purple  clays ; 
they  are  seldom  more  than  50  feet  thick,  and  they  appear 
to  rest  on  an  uneven  surface  of  grey  chalky  clay  which 
may  belong  to  the  older  group. ^  At  the  top  of  this  ''  Base- 
ment Clay  "  there  are  twisted  layers  and  patches  of  sand 
containing  marine  shells,  and  it  is  supposed  that  these  are 
portions  of  a  shelly  deposit  which  formed  the  sea-bottom 
further  eastward  at  the  time  when  the  ice  ploughed  its 
way  over  it,  but  it  is  uncertain  whether  the  deposit  was 
contemporaneous  or  not ;  among  the  shells  are  the  Plio- 
cene species,  Astarte  mutahilia,  Tellina  ohliqua,  and  Nucula 
CchholdioB,  with  Astarte  horealis,  Trichotropis  horecUia,  and 
other  northern  forms.  At  Dimlington  the  section  is  as 
follows  : — 

4.  Red  clay,  with  blue  focinffs,  and  patches  of  gravel  at  its  base. 

5.  Brown  clay,  with  few  chalk  stones. 
2.  Purple  clay,  with  much  chalk. 

1.  Oreenish-blue  clay,  with  broken  shells,  base  not  visible. 

The  red  and  brown  Boulder-clays  cap  the  promontory  of 
FlamboroTigh  Head,  and  descend  northwards  into  the 
hollow  of  Filey  Bay,  passing  far  below  the  sea-level,  and 
yet  forming  clifEs  150  feet  high.  Representatives  of  the 
basement  clays  occur  at  Speeton  and  Beighton  Gups,  and 
the  complete  succession  is  given  by  Mr.  Lamplugh  as 
follows :  * — 

5.  Bed  clay  (6  to  12  feet),  with  discontinuous  layers  )  |x     i    n^^ 
of  gppavel  at  the  base  (0  to  30  feet  thick).  J  "®"*®  ^*®°*- 

4.  Brown  clay  (20  to  40  feet),  with  sands,  loams,  ^ 

and  gravels  filling  hollows  in  the  underlying 
bed. 

5.  Purple  clay  (20  to  40  feet),  with  patches  of  clean 

brown  clay  at  its  base. 
2.  Blue  clay,  with  shelly  patches  (as  at  Bridlington).  )  RMflment  BedA 
1.  Chalk  rubble,  with  sand  containing  shells.  { iJasement  Deds. 


-Purple  Clays. 


In  the  Vale  of  York  there  are  said  to  be  two  Boulder- 
clays,  and  the  upper  contains  many  fragments  of  carboni- 
ferous rocks  from  the  Pennine  Hills,  together  with  granites, 

*  See  <' Quart.  Joum.  Geol.  Soc.,"  vol.  xli.  p.  127. 

>  "  Yorkshure  Geol.  and  Polytech.  Soc.,  Proceedings  for  1879." 
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felstones,  and  porphyries  from  Norway  and  the  east  of 
Scotland.  Writing  of  the  Drifts  in  the  vaUeys  of  the  Aire 
and  Wharfe,  Mr.  Mackintosh  says/  "  Lowest  of  all  is  the 
blue  clay,  which  nowhere  rises  higher  than  about  600  feet, 
and  which  contains  many  glaciated  stones.  The  yellow  or 
yellowish-brown  clay  above  it  rises  to  much  higher  levels, 
contains  fewer  glaciated  stones,  and  differs  from  the  bine 
in  the  kinds  of  boulders  it  contains.  Above  the  brown 
clay  at  intervals  there  is  a  great  thickness  of  sand  or  gravel 
which  often  forms  esker-like  mounds." 


4.  Cheshire  and  Lancashire, 

Bed  and  brown  Boulder-clays  with  intercalated  beds  of 
sand  form  the  mass  of  the  Glacial  Beds  of  these  districts ; 
they  are  called  the  Low-level  Boulder-clays  by  Mr.  Mellard 
Eeade,  are  sometimes  over  100  feet  thick,  and  bear  mucli 
resemblance  to  the  brown  clays  of  Lincolnshire.  On  the 
slopes  of  the  Pennine  Hills,  however,  a  different  type  of 
Boulder-clay  occurs,  and  the  relations  of  these  two  kinds 
of  Drift  will  be  best  understood  from  a  description  of  the 
deposits  which  are  met  with  in  descending  the  valley  of  the 
Bibble  from  Moughton  in  Eibblesdale.^ 

Near  Moughton  the  Drift  is  of  a  mondne-like  character, 
and  consists  of  coarse  gravel  and  boulder-beds  which  are 
composed  almost  entirely  of  local  materials,  viz..  Carboni- 
ferous Limestone  and  Millstone  Grit,  the  former  predomi- 
nating. "  As  we  descend,  this  Drift  gets  more  and  more 
mixed  with  Carboniferous  sandstones  and  grits  from  the 
Pendle  Hills  and  the  valley  of  the  tributary  Calder."  Here, 
too,  it  is  often  underlain  by  tough  blue  Boulder-clay,  which 
besides  limestone  boulders  holds  some  stones  that  do  not 
occur  in  the  upper  valleys,  but  have  been  broiight  from  the 
north  and  carried  up  tlie  valley  of  the  Calder  against  the 
natural  drainage.  Near  Eibchester  the  low-level  drifts 
come  in,  overlapping  the  more  local  drift  of  the  Bibble 

'  Op.  cit.,  ToL  xxxvi.  p.  185. 

'  ''  On  the  Drift-Beds  of  the  North-west  of  Kngland,**  Quart.  Jonm. 
Geol.  Soo.,  roL  zxxix.  p.  83. 


^ 
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valley,  and  consisting  of  yellow  sands  with  marine  shells 
overlain  by  a  reddish  Bonlder-clay  with  broken  shells  and 
a  variety  of  stones,  many  of  which  can  be  identified  with 
rocks  from  the  Lake  District  and  the  southern  uplands  of 
Scotland. 

Beneath  the  Low-level  Drift  troughs  and  gullies  exca- 
vated in  the  subjacent  rock  and  filled  with  beds  of  gravel  and 
clay  are  frequently  found,  and  there  can  be  little  doubt  that 
these  indicate  the  courses  of  the  pre-glacial  streams.  One 
of  these  channels,  which  may  be  called  the  ancient  valley  of 
the  Mersey,  is  shown  in  fig.  131,  and  Mr.  Mellard  Beade 
remarks  that  if  the  drift  covering  could  be  stripped  off  the 
country,  a  regular  system  of  river-beds  would  doubtless  be 
exposed,  ramifying  and  uniting  into  one  main  channel,  dis- 
chai^ing  northwards  through  the  Lrish  Sea  into  the  Atlantic. 

Li  the  Liverpool  district  the  underlying  rocks,  where 
hard  enough  to  receive  and  retain  such  marks,  are  fre- 
quently grooved  and  striated  in  a  north-west  and  south- 
east direction,  but  elsewhere  such  striae  are  exceptional,  and 
the  surface  of  the  subjacent  rock  is  more  often  rough  and 
ragged ;  sometimes  it  is  covered  with  a  rubble  of  broken 
fragments,  graduating  into  red  or  yellow  sand,  and  some- 
times by  a  clay  containing  blocks  of  the  local  sandstones, 
but  these  deposits  are  always  very  thin.  The  ordinary 
brown  Boulder-clay  often  rests  directly  on  the  pre-glacial 
surface,  and  Mr.  Strahan  observes  that  this  is  almost  in- 
variably the  case  when  the  rock-surface  is  striated. 

The  Low-level  Boulder-clays,  like  those  of  the  eastern 
coast,  have  been  divided  into  an  upper  and  lower  clay  witlr 
a  middle  sandy  division,  but  Mr.  Beade  and  Mr.  Strahan,^ 
who  are  both  well  acquainted  with  the  Drifts  of  these 
counties,  agree  in  thinking  that  the  sands  do  not  form 
anything  like  a  continuous  horizon,  but  are  irregular  beds 
developed  at  various  horizons ;  consequently  no  general 
division  into  upper  and  lower  clays  can  be  recognized,  and 
single  sections  often  show  as  many  as  four  sheets  of  clay, 
separated  by  thin  layers  of  sand ;  the  lower  clays  are  gene- 
rally purple,  and  the  uppermost  clay  resembles  ihe  so-called 

^  ''Geok)g7  of  the  Country  round  Chester,  Mem.  GeoL  Survey," 
1882. 

II.  M  M 
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Hessle  clay  of  Lincolnshire  in  being  streaked  and  mottled 
with  grey. 

Both  Boulder-clays  and  sands  often  contain  marine 
mollusca  and  foraminifera,  those  in  the  sands  having 
doubtless  been  brought  by  the  currents  which  carried  the 
sand,  but  those  in  the  Boulder-clay  are  filled  with  a  fine 
silt  charged  with  foraminifera,  and  Mr.  Shone  thinks  they 
came  from  silty  shores  where  ground  ice  formed  in  the 
pools  between  tide-marks,  and  being  frozen  into  such  ice 
were  floated  away  by  the  tidal  currents  and  dropped  where 
they  are  now  found.  From  the  Boulder-clays  about  60 
species  of  molluscs  have  been  obtained,  18  being  decidedly 
northern  forms,  while  3  are  southern  species ;  from  the 
sands  50  species  have  been  collected,  9  being  northern,  and 
the  same  3  southern  forms  occur.  The  shells  have  been 
found  at  various  localities  in  Cheshire  and  Lancashire  from 
sea-level  up  to  600  feet,*  and  at  1,200  feet  near  Macclesfield. 

A  good  section  of  the  Lancashire  Drift  is  exposed  in  the 
chffs  near  Blackpool  (see  fig.  130).  Here  the  lower  bed  of 
Boulder-clay  is  harder  and  more  stony  than  that  form- 
ing the  upper  part  of  the  cliff,  but  otherwise  there  is  little 
difference  between  them  ;  the  intercalated  sands  and  gravels 
are  well  stratified,  and  contain  many  marine  shells.  Occa- 
sionally, as  at  Lindal  in  North  Lancashire,  beds  of  peat  with 
leaves  and  trunks  of  trees  occur  beneath  a  great  thickness 
of  Boulder-clay. 

5.   Wales. 

The  glaciation  of  the  country,  or  the  manner  in  which 
the  more  exposed  rock-surfaces  have  been  grooved  and 
striated  by  the  passage  of  ice,  may  first  occupy  our  atten- 
tion. Sir  A.  Bainsay  has  shown  that  among  the  mountains 
the  direction  of  these  markings  corresponds  to  the  general 
trend  of  the  larger  valleys,  and  that  they  must  be  attributed 
to  the  action  of  glaciers;  this  is  especially  noticeable  in  those 
valleys  which  radiate  from  the  Snowdonian  mountains  to 
the  southward,  eastward,  and  northward.  In  Anglesey, 
however,  the  glacial  striae  run  from  north-east  to  south- 


1  « 
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west  at  right  angles  to  the  trend  of  the  great  valleys  which 
open  on  to  the  Menai  Straits,  and  it  is  clear,  therefore, 
that  the  glaciation  of  that  island  is  not  due  to  the  local 
glaciers ;  to  this  point  further  reference  will  be  made  in 
the  sequel.  Again,  in  Flint  and  Denbigh  the  strise  run 
across  and  not  down  the  valleys,  the  general  direction 
being  from  W.S.W.  to  E.N.E.,  and  aU  the  evidence  is 
against  their  having  been  produced  by  valley-glaciers  or  by 
lajid-ice  in  any  form.^ 

Coming  now  to  the  Glacial  deposits,  it  woidd  appear 
from  the  observations  of  Mr.  Mellard  fieade  and  Mr. 
Strahan  that  the  same  distinction  between  Mountain  and 
Low-level  Drifts  holds  in  North  Wales  as  in  Lancashire ; 
the  former  consisting  of  Boulder-gravels  and  clays,  the 
contents  of  which  have  been  chiefly  derived  from  the  rocks 
of  the  valleys  in  which  they  lie,  while  in  Flint  and  Denbigh 
there  are  deposits  of  sand  and  clay  which  strongly  resemble 
the  Low-level  Drift  of  Lancashire.  Farther,  the  Drift  with 
local  boulders  appears  to  pass  below  that  in  which  foreign 
erratics  aboimd ;  thus  Mr.  Eeade  describes  the  following 
succession  as  visible  in  the  cliffs  of  Colwyn  Bay  : — 

4.  Brown  Boulder-clay,  with  broken  shells  and  some  northern  erratics, 
and  including  a  band  of  laminated  clay. 

3.  Obliquely  stratified  sands,  resting  on  an  eroded  surface. 

2.  Cream-coloured  till  in  discontinuous  patches. 

1.  Hard  bluish-grey  till  packed  full  of  stones  derived  from  the  Car- 
boniferous and  Silurian  rocks  of  Wales. 

Of  the  upper  sands  and  clays  Mr.  Beade  says,  "  they  are 
not  what  the  immediate  coast  or  mountains  could  yield, 
but  are  composed  principally  of  Triassic  debris  mixed  with 
travelled  and  striated  rocks." " 

Near  Llandulas,  at  a  height  of  about  500  feet  above  the 
sea,  there  is  an  extensive  deposit  of  stratified  sand  and 
gravel  in  which  marine  shells  occur,  and  reddish  Boulder- 
clay  rises  to  above  400  feet  in  the  Vale  of  Clwyd. 

Similar  beds  occui*  on  the  coast  of  Anglesey,  near  Beau- 
maris, where  reddish  clay  containing  a  variety  of  rock- 

>  See  A.  Strahan,  «  On  the  Glaciation  of  Cheshire  and  the  Welsh 
Border,"  Quart  Joum.  Geol.  Soc.,  voL  xlii.  p.  369. 
«  **  Quart  Joum.  Geol,  Soc,"  toI.  xli.  p.  106. 
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fragments  overlies  brownish-grey  clay  with  large  blocks  of 
carboniferous  limestone,  and  at  Lleiniog  the  upper  clay 
rests  on  sands  and  gravels  with  pebbles  from  many  sources. 
In  the  west  of  Carnarvonshire  there  are  vast  accumulations 
of  gravel  and  boulder-beds  which  sweep  up  the  slopes  of 
the  hills  to  heights  of  800  atnd  1,000  feet ;  and  on  the 
summit  of  Moel  Tryfaen,  a  hill  overlooking  Carnarvon 
Bay,  with  a  height  of  1,350  feet,  there  is  an  extensive 
deposit  of  stratified  sand  and  gravel  containing  marine 
shells,  no  fewer  than  fifty-five  species  having  been  obtained ; 
it  is  irregularly  overlain  by  Boulder-clay,  and  both  deposits 
contain  erratics  from  Cumberland  and  Scotland,  as  well  as 
chalk  flints  which  came  probably  from  Ireland.  These 
flints,  as  Mr.  Mackintosh  observes,  have  travelled  to  a 
higher  level  than  their  source,  for  the  highest  parts  of  the 
Irish  Chalk  are  between  900  and  1,000  feet.^ 

Similar  shell-bearing  gravels  have  been  found  by  Mr. 
Mackintosh  at  heights  of  1,100  to  1,230  feet  on  the  east 
side  of  the  hills  near  Minera  in  Denbighshire ;  here  also 
Eskdale  granite,  Cumberland  felstones,  and  chalk  flints 
are  mixed  with  the  debris  of  local  rocks,  and  all  are  well 
rolled  and  rounded  as  if  they  had  formed  part  of  a  sea- 
beach.  This  pebbly  condition  appears  to  be  characteristic 
of  the  gravels  between  levels  of  1,000  and  1,400  feet,  while 
between  heights  of  500  and  1,000  feet  the  stones  in  the 
Drift  are  mostly  angular.  Above  1,400  feet  there  are  again 
angular  gravels,  and  boulders  of  Arenig  felstone  occur  in 
the  Minera  district  up  to  a  height  of  1,900  feet,  proving  a 
submergence  of  at  least  2,000  feet,  and  the  stranding  of 
ice-floes  from  the  Arenig  Hills  (fifty  miles  to  the  west). 

Much  less  is  known  about  the  Glacial  deposits  of  South 
Wales ;  those  of  Brecon  and  Glamorgan  have  been  examined 
by  Mr.  J.  W.  E.  David,^  who  describes  the  whole  area  as 
having  a  moutonn^e  aspect,  and  the  surfaces  of  the  harder 
rocks  as  being  frequently  striated,  the  direction  of  the 
strise  varying  between  south-east  and  south-west,  but 
always  pointing  southward.  In  Pembrokeshire,  according 
to  information  supplied  J>y  Dr.  Hicks,  the  usual  direction 
is  from  north-west  to  south-east. 

^  **  Quart.  Journ.  Geol.  Soc.,"  vol.  xxxvii.  p.  366. 
^  Ihid.^  vol.  xxxix.  p.  39. 


534  NEOZOIC    BOOKS.  [PABTT. 

Boulder-clay  occurs  in  patches,  generally  filling  depres- 
sions, over  the  whole  area  from  20  to  1,200  feet  above  the 
sea.  Erratic  blocks  are  frequent  between  the  same  limits ; 
erratics  of  Old  Eed  Sandstone  and  Millstone  Grit  occur 
on  grouud  which  rises  to  over  1,000  feet  between  the 
Aberdare  and  Neath  valleys  in  Brecon,  the  boulders  of  the 
former  having  probably  travelled  from  the  Beacon  Hills, 
and  those  of  the  latter  from  high  ridges  of  Millstone  Grit 
which  lie  to  the  north-west. 

In  West  Pembrokeshire  there  is  no  great  thickness  of 
Drift  except  in  certain  valleys  and  in  places  along  the 
coast,  but  stratified  gravels  and  transported  boulders  are 
of  frequent  occurrence  between  the  sea-level  and  heights 
of  500  feet.  These  gravels  contain  boulders  of  rocks  which 
are  unknown  in  South  Wales. 


6.  Ireland. 

The  glaciation  of  Ireland  presents  some  remarkable 
features:  the  prevalence  of  ice-marks  nmning  from  N.N.W. 
to  S.S.E.,  and  the  frequent  occurrence  of  roches  moutonnees 
sloping  to  the  N.N.W.,  prove  that  there  was  a  time  when 
the  general  movement  of  the  ice  was  from  that  direction. 
This  general  trend  is  particularly  noticeable  throughout 
the  southern,  central,  and  eastern  parts  of  the  country ;  in 
Connaught  and  Ulster,  however,  the  ice-marks  vary  greatly 
in  direction,  pointing  south-west  about  QulwayBay,  W.N.W. 
round  Clew  Bay,  due  north  round  Elillala  Bay,  north-west 
down  the  valley  of  Lough  Erne,  and  north-east  in  Tyrone. 
It  is  supposed  by  Eev.  Maxwell  Close  and  by  Professor  Hull 
that  these  facts  indicate  the  existence  of  a  great  central 
snowfield,  the  axis  of  which  ran  through  the  north  of 
Ireland  from  Lough  Corrib  on  the  west  to  Lough  Neagh 
on  the  east ;  but  as  the  average  elevation  of  this  tract  is 
not  more  than  400  or  500  feet  above  the  sea,  and  the  ice- 
marks  occur  on  mountains  up  to  heights  of  1,500  and  even 
2,000  feet  in  Mayo  and  Connemara,  it  is  difficult  to  accept 
this  hypothesis.  It  is  more  lil^ely  that  the  striae  have 
not  all  been  produced  at  the  same  time  or  by  the  same 
agent ;  some  were  made  by  the  early  glaciers,  some  by  sea- 
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ice  during  a  time  of  submergence,  and  some  by  the  later 
glaciers  which  occupied  the  mountains  on  their  re-elevation, 
and  it  is  obviously  difficult  to  distinguish  between  the 
strisB  made  at  these  different  stages  of  the  Q-lacial  episode. 
It  is  indeed  admitted  that  the  mountainous  districts  had 
their  later  glaciation,  and  that  the  marks  made  by  the 
later  glaciers  often  cross  those  made  by  the  earlier  ice- 
sheet.  As  Professor  Jukes  has  well  observed,  **  it  must 
be  recollected  that  during  the  submergence  of  the  land, 
and  during  its  subsequent  elevation,  every  conceivable 
gradation  of  relative  altitude  must  have  existed  at  one 
time  or  another  between  the  present  levels  of  the  land  and 
its  greatest  depression."^  Thus,  for  instance,  the  Ox 
mountains  in  Shgo  may  have  been  scored  by  sea-ice  at  one 
time,  and  have  nourished  glaciers  at  another,  the  latter 
carrying  detritus  to  the  sea-level,  both  on  their  northern 
and  southern  flanks. 

On  the  G-lacial  Deposits  of  Ireland  much  has  been 
written,  but  no  one  has  yet  given  a  satisfactory  or  compre- 
hensive account  of  them.  Enough  is  known,  however,  to 
make  it  obvious  that  they  were  accumulated  under  the 
same  conditions  as  those  of  England;  those  of  northern 
and  eastern  Ireland  indeed  greatly  resemble  the  Drifts  of 
western  England,  but  those  of  the  central  and  western 
districts  constitute  rather  a  different  type,  though  probably 
the  one  set  pass  into  the  other. 

The  central  plain  of  Ireland  "  is  largely  covered  by  a 
widely  spread  mass  of  Drift,  consisting  of  dark  sandy  clay 
with  pebbles  and  blocks  and  occasional  beds  of  sand  and 
gravel,  which  are  sometimes  very  regularly  stratified.  The 
great  majority  of  the  pebbles  are  rounded  fragments  of 
Carboniferous  Limestone,  whence  the  deposit  usually  goes 
by  the  name  of  the  Limestone  Q-ravel.  This  deposit  rests 
not  only  on  the  limestone,  but  sweeps  up  on  to  the  flanks 
of  all  the  hills  which  rise  from  the  central  plain.  In  such 
case  the  limestone  gravel  (often)  becomes  largely  mingled 
with  the  detritus  of  the  rocks  of  which  the  hills  are  made, .  .  • 
but  gravel  almost  entirely  composed  of  limestone  pebbles 
is  found  up  to  heights  of  1,200  feet  on  the  granite  mountains 
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south  of  Dublin.  It  spreads  across  the  lower  part  of  this 
granite  range,  and  runs  down  by  Bray  into  the  county 
Wicklow,  where  it  is  covered  by  beds  of  sand  and  marl 
that  spread  through  Wicklow  and  Wexford  over  all  the 
low  grounds  between  the  mountains  and  the  sea-coast."  * 

Where  this  Limestone  Drift  reaches  to  mountain  dis- 
tricts, it  seems  to  have  completely  filled  up  the  pre- 
glacial  valleys,  and  the  aspect  now  presented  by  such 
valleys  is  thus  described  by  Professor  Jukes : — "  The 
steeper  hills,  as  they  descend  into  the  valleys,  are  met  by 
gently  sloping  plateaus  of  Drift,  forming  inclined  planes 
from  the  heads  of  the  valleys  towards  their  mouths ;  these 
inclined  planes  seeming  once  to  have  stretched  continu- 
ously across  the  valleys,  but  being  now  deeply  trenched 
by  the  ravines  at  the  bottom  of  which  the  present  brooks 
run.  These  have  excavated  channels  for  themselves  either 
through  the  Drift,  or  between  it  and  the  solid  rock,  leaving 
the  gently  sloping  surface  of  the  Drift  often  most  dis- 
tinctly marked  along  the  flanks  of  the  more  abruptly 
rising  hills  on  each  side  of  the  valleys  "  (op.  cit.,  p.  676). 
He  mentions  Glenismaule,  near  Dublin,  and  the  vadleys  of 
the  Slieve  Bloom  mountains  (Queens  Co.),  as  localities 
where  these  features  are  characteristically  exhibited. 

In  some  cases  this  Limestone  Drift  overlies  a  deposit 
composed  entirely  of  local  rocks,  as  in  Glenbarrow,  on  the 
northern  flank  of  the  Slieve  Bloom.  Here  at  a  height  of 
800  feet  the  river  runs  below  a  cliff  120  feet  high,  which 
is  entirely  formed  of  stratified  Drift,  and  exhibits  the  fol- 
lowing succession : — 

Feet. 

Coarse  Drift,  with  limestone  boulders 50 

Fine  laminated  sand 20 

Bubbly  sand,  with  angular  blocks  of  Old  Red  Sandstone, 
the  same  rock  lying  below 50 

The  Limestone  Drift  runs  up  this  glen  to  a  height  of 
1,260  feet,  and  Mr.  O'Kelly  found  pieces  of  limestone  and 
black  chert  even  on  the  hill-tops  above  the  level  of  any 

^  Quoted  from  Jukes,  "Manual  of  Geology,"  1862,  p.  675.  The 
higher  beds  here  mentioned  by  Jukes  seem  comparable  to  the  newer 
Low-level  Drift  of  Wales  and  lAncashire. 
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other  drift.  This  Drift,  however,  does  not  seem  to  extend 
south  of  the  high  land  which  crosses  Ireland  from  Water- 
ford  to  the  coast  of  Kerry,  the  deposits  on  the  southern 
slopes  of  this  region  being  mainly  composed  of  local  rocks 
(Jukes,  op.  cit.,  p.  679). 

Marine  shells  are  occasionally  found  in  these  gravels, 
and  are  usually  of  the  same  species  that  occur  in  England. 
They  occur  chiefly  below  600  feet,  but  on  Three  Eock 
Mountain  in  Wexford  they  occur  at  a  height  of  1,300  feet, 
and  include  some  more  southern  forms,  as  Artemis  lincta, 
Venus  striatula,  and  Venvs  casina. 

On  the  west  coast  there  are  immense  accumulations  of 
Drift,  which  are  well  exposed  in  Clew  and  Gralway  Bays, 
and  some  of  which  are  probably  sloping  piles  of  Drift 
similar  to  those  described  by  Jukes,  only  intersected  by 
marine  erosion.  Mr.  Mellard  Beade  thus  describes  the 
material  forming  Blake  Hill,  near  Galway : — **  The  whole 
hill  is  composed  of  a  mass  of  calcareous  detritus  extremely 
finely  comminuted.  It  contains  many  boulders  and  large 
stones,  the  majority  being  limestone,  and  the  next  in 
quantity  granite.  The  sea  has  eaten  into  the  originally 
rounded  hill  and  made  very  fine  cliff-sections ;  and  such 
is  the  compactness  with  which  this  calcareous  cement  has 
set  that  the  cliffs  are  vertical,  and  indeed  in  some  places 
overhang."  * 

On  the  north-east  coast  there  are  deposits  similar  in  all 
respects  to  the  Low-level  Drifts  of  Lancashire,  consisting  of 
red  and  brown  Boulder-clays,  with  frequent  intercalations 
of  sand  containing  marine  shells.  CUff-sections  of  such 
beds  are  frequent  along  the  coasts  of  Antrim  and  Down, 
and  their  marine  origin  is  proved  not  only  by  the  shells  in 
the  sands,  but  by  the  presence  of  LecUi  pemula  and  Leda 
minuta  with  attached  valves  in  Boulder-clay  at  Woodbum 
Glen,  near  Belfast  (M.  Brcade,  op.  cit.). 

Southwards  these  reddish  clays  appear  to  overlie  the 
Limestone  Drift,  as  seen  in  the  cliff-sections  at  Killiney 
and  Ballybrack,  south  of  Dublin,  and  they  attain  a  great 
thickness  near  Carlow,  where  the  following  succession  was 

'  "  Notes  on  the  Scenery  and  Geology  of  Ireland,"  "  Proc.  Liverpool 
Geol.  Soc.,  1878-79." 
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found  in  sinking  a  colliery  shaft  (Hull,  **  Physical  Oeology 

of  Ireland,"  p.  91)  :— 

Feet 
.     84 
.      5 
.    25 

.      8 

122 


1^  ^  Stiff  red  clay,  with  stones 

^^'^®'-  j  Laminated  clay     . 

^1^  t  Sand,  with  pebbles  of  limestone 

^^^^^'  \  Strong  clay,  with  stones 


As  regards  the  dispersal  of  boulders.  Professor  Jukes 
mentions  the  following  facts: — "The  Leinster  granite 
sends  off  boulders  in  all  directions  except  the  north,  but 
chiefly  toward  the  south-east.  . .  .  The  granite,  which  occu- 
pies a  large  area  on  the  north  side  of  Gkilway  Bay,  is  easily 
recognizable,  inasmuch  as  it  is  ...  a  porphyritic  syenitic 
granite.  Blocks  of  it  may  be  found  scattered  over  all  the 
country  to  the  south  of  the  bay,  through  Clare  and  Lime- 
rick, as  far  south  as  Mallow  in  the  county  Cork,  a  distance 
of  about  100  miles  in  a  straight  line.  They  occur  also  in 
the  country  about  Nenagh,  and  on  both  flanks  of  the 
Slieve  Bloom  hills  up  to  heights  of  1,000  feet  "  (op.  dt, 
p.  678).  "  Chalk  flints  and  pieces  of  hard  Antrim  chalk  are 
found  in  Drift  in  the  counties  of  Dublin  and  Wicklow,  up 
to  heights  of  one  or  two  hundred  feet,  and  along  the  whole 
eastern  and  southern  coast  of  Ireland,  at  least  as  far  as 
Ballycotton  Bay,  on  the  coast  of  Cork  '*  (p.  675).  On  Three 
Bock  Mountain  in  Wexford  they  occur  up  to  1,200  feet 

No  notice  of  Irish  Drifts  would  be  complete  without  a 
reference  to  the  long  winding  banks  or  ridges  of  gratd 
which  are  known  as  Eskers.  These  ridges  often  rest  oo 
the  surface  of  the  other  Glacial  deposits,  and  from  theft 
the  materials  composing  them  have  been  chiefly  derived. 
They  often  extend  in  sinuous  lines  for  many  miles,  but  art 
confined  to  the  plains  and  low  grounds,  not  extendiaf 
above  the  400  feet  contour.  They  may  therefore  be  I^ 
garded  as  among  the  latest  of  the  Pleistocene  deposits,  hot 
the  occurrence  of  large  boulders  on  these  banks  shows  that 
floating  ice  was  still  present. 

Morainic  mounds  occur  in  some  of  the  valleys  of  the  moft 
mountainous  regions,  and  testify  to  the  existence  of  smal 
valley  glaciers  during  the  last  stage  of  the  Glacial  period 
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7.  North  EnghiTid  and  Southern  Scotland.' 

The  glociation  of  the  North  of  Eagland  is  traceable 
chiefly  to  two  main  centres, — the  mountain  cluster  of  the 
English  Lake  District,  and  the  massive  Fells  of  GaJlowaj 
in  Scotland.  Little  record  is  left  of  the  earlier  phases  ot 
the  Glacial  period.  But  to  the  sporadic  ra£ation  of 
boulders  from  these  centres  ve  doubtless  owe  much  of  the 
strange  intercrossing  and  intermingLng  that  marks  their 
after-distribution.  In  many  cases  they  may  have  found 
their  way  into  their  present  position,  not  from  the  parent 
rock  direct,  but  from  various  points  within  the  circles  of 
early  dispersal. 

The  atriation  of  the  Lake  District  is  attributed  to  gla- 
ciers which  moved  out  through  its  radiating  dales  in 
almost  every  direction,  the  chief  axis  of  movement  b^g 
that  of  the  principal  watershed  which  runs  through  its 
centre  approximately  east  and  west,  while  the  lower  valleys 
and  their  parting  ridges,  according  to  Mr.  Clifton  Ward,' 
became  gradually  buried  under  a  confluent  ice-sheet.  Li 
Gtalloway  heavy  glaciers  moved  out  from  the  central 
granitic  masses  ;  and  the  glaciers  of  the  two  districts  came 
together,  there  is  no  doubt,  upon  the  plains  of  the  Solway 

The  further  distribution  of  strite  and  boulders  is  curious 
in  the  extreme.  From  Qalloway  it  is  remarkable  that  they 
pass  very  little  to  the  northwards.  On  the  west  they  bend 
along  the  coast  as  if  to  join  the  south-west  stream  of  atrice 
making  down  from  the  Highlands  through  the  now  sub- 
merged valleys  of  Aigyleshlre  upon  the  broader  vale  ot  St. 
Patrick's  Channel.    Oti  the  south  they  point  freely  south- 

'  This  seclion  »  m  coDtribation  fironi  the  pen  of  Mr.  Hugh  Miller, 
F.O.S.,  whoie  personal  acquaintaiice  with  the  district  miJces  it  more 
v&luable  than  any  description  the  anthoT  conid  have  compiled  from  pub- 
lished loaTces.  It  should  be  mentioned,  however,  that  Mr.  Miller  at- 
tribntee  more  to  the  action  of  land-ice,  and  less  to  that  of  »ea-ice,  than 
the  author  is  inclined  to  allow.  This  difference  of  opinion  will  be  re- 
ferred to  on  a  fature  page. 

»  J.  Clifton  Ward,  '•  The  Glaciation  of  the  Northern  Part  of  the 
Lake  District,"  "  Quart.  Jonm.  Geol.  Soc.,"  toI.  xxii.  (1873) ;  "  The 
Qlaciation  of  the  Southern  Part  of  the  I«ke  District,"  "  Qnarl.  Joum. 
Geol.  Soc,"  vol.  xxjti.  (1976). 
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ward,  and  their  direction  is  continued  over  the  Isle  of  Man 
and  Anglesea.  They  have  the  same  southward  tendency 
in  the  Lake  District.  They  pass  no  great  distance  north  or 
north-west — not  far  beyond  Carlisle — but  stream  off  freely 
to  the  south.  And  from  the  eastward  continuation  of  the 
principal  watershed  (the  neck  of  fells  between  the  Lake 
District  and  the  Pennine  range)  they  are  shed  southward 
over  North  Lancashire,  not  only  down  the  valley  of  the 
Lime  and  along  the  low  s€l&.board,  but,  as  shown  by  Mr. 
Tiddeman,^  over  by  Ligleborough  Hill,  as  if  regardless  of 
gradients,  into  Eibblesdale,  crossing  many  considerable 
valleys,  and  overriding  hills  up  to  1,500  feet. 

Li  easterly  directions  the  evidence  is  still  more  curious. 
In  the  south-eastern  part  of  Gulloway,  as  was  shown  by 
Mr.  Home,  they  point  across  the  Solway — Crifell,  1,800  feet 
high,  standing  in  their  way  somewhat  like  a  graduated 
mark  in  a  tide- way.  In  Dumfries  there  are  some  striae 
and  boulders  that  mark  a  line  of  movement  across  the 
valleys  of  the  Annan  and  the  Esk,  abutting  against  the 
west  end  of  the  Cheviot  Hills,  and  entering  the  basin  of  the 
Tweed.  But  the  main  stream  of  striation,  joined  towards 
the  south  by  strisB  and  boulders  from  the  Lake  District, 
passes  to  the  east  coast  of  England.  The  greater  part  of  it 
crosses  over  the  watershed  between  the  Cheviots  and  the 
northern  shoulder  of  Cross  Fell  (both  of  which  hill-groups 
had  small  ice-caps  of  their  own),  at  heights  of  from  600  to 
1,700  feet;  it  skirts  the  Cheviot  range,  covering  their 
flanks  up  to  1,600  feet,  but  apparently  at  lessening  heights 
as  we  trace  it  on ;  it  fans  out  perceptibly  upon  Northum- 
berland, and  spreads  over  the  plains  of  East  Durham  and 
the  Vale  of  York.  The  Cleveland  Hills  bear  neither  stria 
nor  foreign  drift,  as  if  "  the  glacial  matter  was  unable  to 
surmount  a  barrier  of  even  700  feet."  ^  To  the  south  of 
Cross  Fell  a  smaller  stream  of  boulders  and  striae  from 
Galloway  and  the  Lake  District  concentrates  upon  the 
Stainmore  Pass,  and  carries  the  boulders  of  Shap  Fell  to 


^  Tiddeman,  "  On  the  Evidence  for  the  Ice-sheet  in  N.  Lancashire,'' 
&c.,  "Quart.  Joum.  Geol.  Soc.,"  vol.  xxviii.  p.  471  (1872). 

*  "  Handbook  to  Middlesborough  and  District,"  "  Geology,"  bj  W. 
Y.  Veitch  and  Geo.  Barrow,  F.G.S. 
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the  east  coast  through  Teesdale.^  Towards  the  seaboard  of 
Northumberland  and  Durham  the  path  of  this  eastward 
glaciation  is  crossed  by  a  stream  of  strias  passing  south,  as 
along  the  western  coasts. 

Turning  now  to  the  Glacial  deposits,  we  remark  that  it  is 
not  only  in  the  striation  of  the  rocks  that  these  movements 
are  recorded,  but  also  in  the  structure  of  till  or  lower 
boulder-clay,  which  enwraps  the  country  with  an  irregular 
sheet  of  miscellaneous  off-scoured  matter  extending  from 
the  flanks  and  hollows  of  the  hills  (as  high  sometimes  as 
1,800  feet)  down  to  the  sea.  The  chief  boulders  of  the 
till  are  striated  in  situ  in  the  same  general  direction  and 
with  the  same  firmness  and  evenness  as  the  strise  on  the 
rocks.  The  till  of  Northumberland  has  been  likened  to  one 
vast  irregular  "  striated  pavement."  The  smaller  boulders 
have  their  axes  very  frequently  drawn  into  the  line  of 
glaciation  (as  in  fluxion-structure),  as  if  by  a  heavy  drag- 
ging movement.  At  the  surface  it  is  often  shaped  into 
sow-backs  or  drwmlina  stretched  in  the  same  direction.  All 
these  features  of  the  till  are  remarkably  developed  on  the 
watershed  of  England  among  the  Bewcastle  Wastes,  north 
of  Q-ilsland  in  Cumberland.*  The  composition  of  the  till, 
again,  shows  that  the  outcrops  of  rock  lying  in  the  path 
of  movement — all  the  way  from  the  red  rocks  of  Cumber- 
land, for  instance,  to  the  coaly  shales  of  Newcastle — con- 
tributed one  after  the  other  their  quota  of  materials,  the 
boulders  being  gradually  reduced  in  size  and  rubbed  down 
into  clay,  &c.,  as  if  by  sustained  friction,  as  they  were 
carried  on.  The  texture  and  colour  of  the  till  thus  con- 
stantly varies  ; — ^it  is  bright  Indian  red  on  the  red  rocks ; 
leaden-coloured  and  clayey  on  the  carbonaceous  rocks ; 
sandy  and  raw  where  the  pale  carboniferous  sandstones 
predominate;  brown  and  dry  on  the  Cheviot  porphyry; 
and  when  it  rests  on  composite  formations  such  as  the 
Carboniferous  Limestone  series,  it  never  remains  for  half 
an  acre  the  same.  Among  the  slopes  of  the  higher  hills  it 
is  thin,  loose,  local,  angular,  and  almost  morainic-looking ; 

^  J.  G.  Goodchild,  F.G.S.,  •<  The  Glacial  Phenomena  of  the  Eden 
Valley,"  &c.,  "  Qoart.  Joorn.  Geol.  Soo.,"  vol  xxxi.  p.  65  (1876). 

3  <'  On  Bonlder-Glaciation,''  H.  Miller,  «  Froc.  Boyal  Phys.  Soc., 
Edinb.,"  toI.  riii.  p.  166. 
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in  the  valleys  and  low  grounds  it  becomes  dense  and  weU- 
kneaded  up,  and  contains  a  larger  assortment  of  boulders ; 
in  the  lower  grounds  it  is  often  gravelly  and  much  inter- 
calated with  seams  of  sand  and  gravel  and  laminated  clay 
without  stones ;  but  it  is  the  same  deposit  throughout. 
Irregular  beds  of  gravel  are  not  unknown  even  at  the 
very  bottom,  as  in  some  parts  of  East  Cumberland.  At 
several  places  near  Berwick  it  contains  well-glaciated  frag- 
ments of  shells  of  Northern  type.* 

The  overlying  deposits  are  not  so  well  understood.  In 
the  Isle  of  Man  Mr.  Home  describes  an  important  section 
near  Ramsey,^  where  a  lower  boulder-clay  or  till  is  overlain 
by  finely-stratified  sands  and  gravels,  "  evidently  a  marine 
deposit,"  above  which  is  a  stony  clay  (6  to  8  feet  thick)  re- 
sembhng  the  maritime  boulder-clay  of  Scotland.  In  West 
Cumberland  Mr.  Kendall  ^  describes  sands  and  stony  clays 
which  he  believes  to  be  a  continuation  of  the  uppermost 
sands  and  Boulder-clays  of  Lancashire.  On  the  east  coast 
there  is  undoubtedly  an  upper  boulder-clay  limited  to  the 
maritime  districts,  and  to  elevations  under  350  feet,  and 
lying  in  the  track  of  the  north  and  south  coast-glaciation. 
It  is  divided  from  the  till  either  by  aqueous  sand  and 
gravel,  or  an  eroded  junction  line.  It  seems  to  be  the  same 
deposit,  very  uniform  in  character,  that  is  found  all  along 
the  sea-board  from  Aberdeenshire  southward,  differing 

^  "  The  Great  Ice  Age,"  by  Professor  James  Geikie,  second  edition, 
p.  167;  and  W.  Gunn,  "Berwicksh.  Naturalists*  Field  Club  Trans., 
1886." 

The  preceding  facts,  in  the  opinion  of  the  writer,  are  part  of  a  re* 
markable  body  of  evidence  pointing  to  the  existence  of  a  great  ioe-aheet 
moving  from  the  Highlands  of  Scotland  southwards  through  the  Irish 
Sea,  and  re-inforced  by  ice  masses  from  Ireland,  Galloway,  and  the 
Lake  District.  The  same  evidence  shows  that  the  excessive  constriction 
was  partly  relieved  as  if  in  the  direction  of  least  resistance  over  the 
comparatively  low  bar  of  fells  forming  the  watershed  of  England.  The 
'*  striated  pavements,"  the  fluxion  structure  in  the  till,  the  heavy  close 
drag  of  the  striating  agent  across  every  outcrop  in  its  path,  and  the 
evident  thinning  out  of  the  sheet  as  it  spread  over  eastern  Northumber- 
land and  round  the  Cleveland  Hills,  do  not  seem  to  consort  with  any 
other  explanation. — H.  M. 

^  J.  Home,  F.Q.S.,  '<  A  Sketch  of  the  Geology  of  the  Isle  of  Man," 
"  Trans.  Geol.  Soc.  Edinb.,"  vol.  U.  part  iu.  (1874). 

'  J.  D.  Kendall,  C.E.,  <<  The  Glacial  Deposits  of  West  Cumberland," 
"  Trans.  Cumb.  Scieutitic  Assoc.,"  part  vii« 
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from  the  till  by  its  uniformly  reddish  colour  and  the  few- 
ness and  smallness  of  its  stones.  On  the  coast  of  Northum- 
berland, as  obserred  by  Mr.  Howse,  it  contains  a  few  flints, 
perhaps  derived  from  deposits  at  the  sea-bottom. 

The  "  great  submergence  "  has  left  singularly  few  traces 
over  the  greater  part  of  England  north  of  Lancashire  and 
York.  But  Mr.  Clifton  Ward^  describes  certain  trans- 
ported boulders  left  lying  at  great  heights  among  the 
mountains  of  the  Lake  District,  which  he  is  inclined  to 
consider  as  aproo/of  submergence  to  the  height  of  at  least 
1,300  feet. 

The  latest  deposits  of  the  Glacial  period  in  the  North  of 
England  are,  1st,  the  ridges  and  mounds  of  tumultuously 
stratified  gravel  and  sand  known  as  kames  (or  eskers), 
and  2nd,  moraine- mounds  of  angular  debris.  The  moraines, 
which  abound  in  the  upper  valleys  of  the  Lake  District, 
are  the  debris-heaps  of  the  last  shrunken  glaciers.  In 
Northumberland  they  are  few  and  small.  The  gravel 
mounds  are  of  more  equivocal  origin.  In  some  cases,  near 
Otterbum  in  Northumberland,  they  merge  into  moraines ; 
one  part  of  a  single  mound  may  be  moraine  and  the  other 
part  kame.  These  kames  are  of  true  morainic  origin.  The 
winding  kame-ridges,  which,  like  the  drumlins  of  the  Drift, 
extend  in  the  direction  of  ice-movement  (though  only  a 
single  chain  of  them  crosses  the  watershed  of  England,  i.e., 
through  the  shallow  watershed- valley  at  Gilsland),  are 
often  supposed  to  be  marine,  but  this  is  by  no  means  cer- 
tain, or  even  probable. 

Mr.  Miller's  account  of  the  Glacial  deposits  of  the  Border 
country  will  apply  equally  to  those  of  the  southern  uplands 
of  Scotland,  but  the  following  are  a  few  facts  culled  from 
Dr.  A.  G^ikie's  "  Memoir  on  the  Glacial  Drift  of  Scotland." ' 

The  ice  which  covered  the  central  uplands  in  Peebles  and 
Lanark  seems  to  have  had  a  movement  northwards  as  well 
as  eastwards  and  southwards,  for  the  Boulder-clay  on  the 

^  **  Memoirs  of  the  Geol.  Survey  of  England  and  Wales,"  "  The 
Geology  of  the  Northern  Fart  of  the  English  Lake  District,  1876," 
p.  98. 

2  "  Trans.  Geol.  Soc.  Glasgow,"  vol  i.  1863. 
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north  side  of  the  Medwin  valley  contams  many  rock-frag- 
ments brought  from  the  country  to  the  south,  but  none 
from  rocks  lying  to  the  west  or  north. 

Stratified  sands  and  gravels  occiu'  both  in  the  valleys  and 
on  the  hill-sides,  and  even  on  watersheds  up  to  a  height  of 
at  least  1,000  feet,  e.gr.,  on  the  watershed  between  the  Med- 
win and  the  Tarth  (700  feet),  and  between  the  sources  of 
the  Yarrow  and  the  Moffat  Water  (up  to  1,000  feet). 

Eskers,  or  Kcmies,  as  they  are  called  in  Scotland,  are  not 
uncommon,  generally  occurring  on  low  flat  ground  or  along 
wide  valleys,  but  sometimes  they  cross  the  mouths  of  tribu- 
tary valleys  and  are  intersected  by  the  streams.  When  cut 
open  they  often  exhibit  a  curious  arrangement  of  the  com- 
ponent strata,  which  are  inclined  outwards  and  downwards 
from  the  central  axis  of  the  ridge. 

Moraines  are  frequent  in  the  higher  parts  of  the  larger 
valleys,  such  as  those  of  the  Tweed,  Annan,  Moffat,  Megget, 
and  Talla  waters ;  Loch  Skene,  for  instance,  is  a  tarn  held 
up  and  half  enclosed  by  morainic  mounds  (Geikie,  op. 
cit.,  p.  164). 


8.  Central  and  Northern  Scotland, 

The  following  account  of  the  Glacial  phenomena  of  these 
districts  is  taken  principally  from  Dr.  A.  Geikie's  excellent 
"  Memoir  on  the  Phenomena  of  the  Glacial  Drift  of  Scot- 
land," with  some  additions  from  more  recent  sources. 

Glaciation. — The  rocky  regions  of  Scotland  nearly 
everywhere  exhibit  the  peciiliar  rounded  and  moulded  out- 
line which  is  characteristic  of  ice-action,  and  nowhere  are 
these  swelling  contours  more  distinct  than  on  the  slopes 
which  rise  from  the  central  lowlands.  Wherever,  too,  the 
smoothed  surfaces  of  the  rocks  have  been  protected  from 
atmospheric  influences  by  a  covering  of  turf  or  clay  they 
exhibit  the  striations  and  groovings  left  by  the  passage  of 
ice-borne  stones  ;  such  striated  surfaces  occur  not  only  on 
the  summits  and  flanks  of  lofty  moimtains,  but  also  along 
the  shores  of  the  lochs  and  firths,  and  are  often  seen  to 
pass  beneath  the  level  of  the  sea. 

The  direction  taken  by  the  strise  at  any  locality  is,  of 
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course,  a  guide  to  the  direction  taken  by  the  ice  which  made 
the  marks,  and  observation  has  shown  that,  as  a  general 
rule,  the  striae  run  parallel  to  the  main  yalleys  of  the 
country,  and  that  they  radiate  outwards  from  the  great 
central  moimtain  ranges.  Thus  there  is  ample  proof  that 
the  G-rampians  formed  one  axis  of  dispersal,  for  down  the 
valleys  which  open  on  to  the  Clyde  the  striee  nm  south  or 
south-east,  down  Loch  Fyne  they  nm  south-west,  while  at 
the  north  end  of  Loch  Awe  and  thence  over  the  country  to 
Loch  Linnhe  the  direction  is  imif ormly  from  east  to  west ; 
down  the  valley  of  the  Spey  they  run  north-east,  in  Aber- 
deen nearly  due  east,  while  in  Perth,  Fife,  and  Forfar  the 
directions  are  south-east  and  E.S.E.  The  highlands  of 
Sutherland  formed  another  centre  whence  the  ice  radiated 
in  every  direction. 

There  are,  however,  exceptions  to  the  coincidence  between 
the  nm  of  the  striae  and  that  of  the  main  valleys ;  thus  the 
district  known  as  Elnapdale  in  Argyleshire,  which  rises  to 
700  or  800  feet  above  the  sea,  is  glaciated  obliquely  from 
north-east  to  south-west,  as  if  the  ice  had  filled  up  the 
valley  of  Loch  Fyne,  and  had  flowed  over  the  ridge  to  the 
Sound  of  Jura.  There  seems  also  to  have  been  a  time 
when  the  ice  from  the  Perthshire  highlands  went  across 
the  Ochil  Hills,  some  of  which  reach  a  height  of  2,300  feet, 
and  these  are  important  facts  to  remember  when  the  mode 
of  glaciation  is  considered. 

Glacial  Deposits. — ^The  following  is  a  general  classifi- 
cation of  these  deposits,  but  it  is  seldom  that  all  the 
members  are  found  in  one  locality : — 

5.  Moraines  of  local  glaciers. 

4.  Shell-bearing  clays  near  the  coast. 

3.  Upper  Boulder-clays  with  broken  shells. 

2.  Stratified  sands  and  gravels. 

1.  Lower  Boulder-clay  or  Till. 

It  is  probable,  however,  that  some  of  the  stratified  deposits 
are  coeval  with  the  Boulder-clays,  and  that  the  moraines 
were  more  or  less  contemporaneous  with  the  later  shell- 
bearing  clays. 

The  Till  is  described  as  a  very  stiff  clay  full  of  stones 
and  boulders,  or  rather  as  a  mixture  of  gritty  day,  gravel, 

II.  N  N 
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and  boulders,  the  whole  being  so  hard  and  cx)mpact  that  it 
often  weathers  like  a  conglomerate.  Boulder-clay  of  this 
kind  occurs  up  to  heights  of  1,600  feet,  and  is  sometimes 
over  100  feet  thick,  being  always  thickest  on  the  low 
grounds  and  thinning  away  on  the  highland  slopes.  The 
stones  and  boulders  are  principally  derived  from  local 
rocks,  and  in  the  lowlanrl  clays  there  are  not  many  stones 
which  have  travelled  more  than  a  few  miles  from  their 
parent  site ;  most  of  the  fragments  are  smoothed  and 
striated,  and  many  are  scratched  all  over,  often  exhibiting 
five  or  six  definitely  striated  surfaces.  The  local  character 
of  the  clay  is  also  shown  by  its  variations  in  colour.  Hugh 
MUler,  seh.,  long  ago  remarked  that  red  sandstones  were 
covered  by  red  boulder-clay,  the  grey  flags  of  Caithness  by 
a  lead-coloured  clay,  and  the  coal-measures  of  the  Lothians 
by  a  bluish-black  clay;  subsequent  observations  have 
shown  that  the  clays  of  these  colours  do  not  exactly  coin- 
cide with  the  limits  of  the  formations  from  which  thej 
derive  their  tint,  but  shghtly  overlap  them  in  an  outward 
direction:  thus  in  the  basin  of  the  Forth  the  red  clav 
passes  eastward  on  to  the  coal-measm-es  for  a  certain  dis- 
tance, before  it  is  replaced  by  the  clay  which  derives  its 
tint  from  those  measures. 

Thus,  though  the  materials  of  the  Boulder-clay  afford 
evidence  of  a  certain  amount  of  transport,  still  its  local 
character  is  so  strongly  marked,  that  **  whatever  may  have 
been  its  mode  of  production,  it  cannot  have  been  carried 
from  a  distance,  but  must  have  been  formed  on  the  whole 
in  the  districts  in  which  it  is  found."  ^ 

Stratified  beds  (sand,  silt,  and  laminated  clay)  are  occa- 
sionally foimd  in  the  hard  till,  and  in  some  cases  they  have 
yielded  marine  shells  of  Arctic  species,  and  in  other  places 
they  include  peaty  beds  with  bones  of  the  mammoth  and 
reindeer. 

In  many  places  the  hard  till  above  described  is  covered 
by  deposits  of  a  more  varied  character,  and  consisting  of 
stratified  sand,  gravel,  and  clay — mounds  and  terraces  of 
well-rolled  gravel  occur  in  many  Highland  valleys  for 
above  the  present  streams ;  simil9,r  deposits  occur  as  patches 

*  Geikie,  op.  cit,  p.  43, 
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on  the  hill-sides,  and  they  occupy  large  areas  in  the  central 
lowlands  between  the  firths  of  Forth  and  Clyde.  Associated 
with  these  beds  or  stranded  on  bare  hill-sides  are  numerous 
large  erratics  or  transported  boulders,  which  have  usually 
come  from  points  to  the  north  or  north-west  of  the  positions 
they  now  occupy,  and  some  have  travelled  distances  of  50 
or  60  miles ;  it  is  to  be  noted  that  such  boulders  are  rarely 
or  never  found  in  the  older  Boulder-clay,  though  they 
often  lie  on  it.  Dr.  G^eikie  regards  the  stratified  Drift  as 
marine,  and  believes  the  erratics  to  have  been  carried  by 
sea-ice. 

Along  the  coast  of  Aberdeen,  from  Stonehaven  to  Peter- 
head, a  very  different  kind  of  Boulder-clay  is  found  ;  this 
is  a  reddish-brown  clay  which  appears  to  resemble  the 
brown  clays  of  Yorkshire  and  Lincolnshire;  it  contains 
broken  marine  shells,  and  often  includes  seams  of  fine  sand 
or  laminated  silt ;  moreover,  its  materials  apj)ear  to  have 
been  derived  from  the  southward,  from  the  Old  Red  Sand- 
stone districts  in  Kincardine  and  Forfar,  a  conclusion 
which  is  confirmed  by  the  occurrence  of  striae  on  the  rocks 
below,  pointing  from  S.S.W.  to  N.N.E.  Near  Collieston 
and  Slains  this  clay  rests  on  a  set  of  stratified  sands  and 
gravels  which  contain  numerous  broken  marine  shells,  but 
these  seem  to  have  been  derived  from  the  destruction  of 
Pliocene  beds,  comparable  to  the  English  Crags.  The  cliff- 
section  near  Collieston  is  given  below : — 

Feet. 

3.  Red  clay 16 

2.  Brownish-grey  sand  and  silt 55 

1.  Coarse  grey  rubbish  resting  on  gneiss  ....      8 

The  red  clay  varies  from  10  to  30  feet  in  thickness  and 
reaches  inland  up  to  heights  of  300  feet,  and  pebbly  gravels 
with  broken  shells  range  up  to  470  feet. 

In  the  basin  of  the  Clyde  there  are  certain  deposits 
which  were  evidently  formed  during  the  last  stage  of  the 
Glacial  epoch;  the  usual  succession  of  these  beds  is  as 
follows : — 

S.  Sandy  clay  or  sandy  gravel. 

2.  Fine  grey  clay,  with  many  perfect  shells. 

1.  Laminated  reddish  clay,  without  shells. 

Hard  tough  boulder-clay,  with  striated  stones. 
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There  is  always  a  layer  of  laminated,  stoneless,  and  shell- 
less  clay  between  the  till  and  the  shell-bearing  clay  (No.  2), 
but  its  thickness  varies  from  1  to  18  feet.  The  clay  above 
is  a  consolidated  mud  through  which  many  stones,  both 
rounded  and  angular,  are  scattered,  but  its  consistency  is 
not  that  of  boulder-clay,  and  the  stones  are  not  glaciated ; 
the  shells  which  occur  in  it  are  generally  perfect,  and  are  of 
northern  and  arctic  species.  These  clays  fringe  the  Firth 
of  Clyde  from  Glasgow  westward,  and  pass  up  the  Kyles 
of  Bute  to  Loch  Fyne ;  they  are  also  found  on  the  shore 
of  Loch  Lomond,  but  do  not  anywhere  extend  beyond  50 
feet  above  the  sea. 

Liland,  the  last  phase  of  the  Glacial  epoch  is  marked  by 
the  occurrence  of  terminal  moraines  in  many  of  the  High- 
land valleys ;  sometimes  several  such  moraines  occur  one 
above  another,  and  huge  blocks  of  rock  are  often  perched 
on  the  top  of  them  as  well  as  on  the  neighbouring  slopes, 
while  the  course  of  the  glen  above  the  highest  moraine  is 
swept  clear  of  all  such  detritus. 

Kames  are  found  in  some  districts,  and  Mr.  Hugh 
Miller  informs  me  that  in  Easter  Boss  the  ends  of  all  the 
kames  are  markedly  levelled  out  into  horizontally  stratified 
sheets  of  gravel  all  along  the  line  of  the  100-foot  beach  of 
that  district. 

b.  Post-Glacial  Deposits. 

The  deposits  which  are  usually  termed  Post-glacial  must 
not  be  regarded  as  representing  a  totally  distinct  and  later 
stage  of  Pleistocene  time ;  for  the  recession  of  the  glacial 
conditions  to  the  Arctic  regions  was  a  gradual  process,  and 
glaciers  lingered  in  the  North  of  England  and  in  Scotland 
long  after  the  rest  of  England  had  become  a  habitable 
country.  Consequently  deposits  which  are  post-glacial  in 
relation  to  the  Boulder-clays  of  East  Anglia  may  be  con- 
temporaneous with  the  later  Glacial  clays  of  Scotland ;  and 
until  the  history  of  Pleistocene  times  is  more  completely 
known,  the  extent  to  which  Post-glacial  deposits  may  dove- 
tail into  those  usually  called  Glacial  cannot  be  precisely 
indicated. 

It  woxdd  be  impossible  within  the  limits  of  this  volume 
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to  give  anything  like  a  compreliensive  account  of  the  river- 
gravels,  cave-earths,  and  alluvial  beds  which  make  up  the 
Post-glacial  deposits  of  Britain.  Only  a  few  examples  of 
each  will  therefore  be  described  in  the  following  pages. 
It  is  doubtful  whether  the  fluviatile  deposits  of  different 
valleys  will  ever  be  correlated  satisfactorily  with  one 
another ;  at  present  we  can  only  say  that  some  are  older 
and  some  are  newer,  that  the  former  contain  rude  imple- 
ments fashioned  by  man  out  of  flint  and  stone  (PakeolUhic), 
■while  the  latter  contain  implements  of  a  more  finished  type 
{Neolithic). 

'  River-Gravels. — The  manner  in  which  beds  of  sand 
and  gravel  have  been  formed  and  left  in  disconnected 
tracts  or  terraces  at  various  levels  above  the  present 
streams  has  been  explained  in  a  former  volume  (**  Physical 
Geology,"  p.  162).  The  account  there  given  applies  to  the 
upper  and  central  parts  of  any  river-valley,  but  in  the 
lower  part  of  a  vaUey  where  the  river  is  tidal  the  diffe- 
rences between  the  levels  of  the  terraces  become  less  and 
less,  and  near  the  river's  mouth  the  relation  of  the  older  to 
the  newer  gravels  will  depend  on  the  earth-movements 
which  have  been  in  progress  during  their  deposition.  If 
the  whole  drainage-basin  has  been  elevated  the  older 
gravels  will  be  everywhere  at  higher  levels,  but  if  sub- 
mergence has  taken  place  the  older  beds  may  pass  beneath 
the  modem  estuary,  or  may  not  be  far  above  the  level  of 
the  modem  alluvium.  In  such  cases,  however,  they  will 
still  be  considerably  above  the  hose  of  the  alluvium,  i.e., 
the  channel  occupied  by  the  river  before  submergence  set 
in,  and  this  therefore  is  the  level  from  which  their  height 
should  be  estimated. 

The  deposits  in  the  valley  of  the  Thames  may  be  taken 
as  an  example  of  such  accumulations.  In  the  higher  parts 
of  the  valley  tracts  of  gravel  are  found  at  various  heights, 
now  on  one  side  of  the  river,  now  on  the  other ;  three 
stages  or  terraces  can  often  be  distinguished,  the  highest 
being  about  30  feet  above  the  level  of  the  river.  From 
tliis  highest  terrace  few  bones  have  been  obtained,  but  at 
the  lower  levels  land  and  river  shells,  with  remains  of 
Elephas  primigenius,  Elephas  antiquus.  Rhinoceros  ticho- 
rhinvs.   Bison   priscus,    Cervus  tarandvs,   Equus  cahallvs. 
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Canis  lupus,  and  Ursu^  arctos  are  frequently  found.  Be- 
tween Windsor  and  London  the  outspreads  of  grarel 
become  wider  and  more  continuous,  but  the  sur&Mie  of  the 
older  parts  still  rises  to  30  and  even  45  feet  above  the  river, 
and  the  shells  are  still  of  fluviatile  species.  Hence  we  maj 
conclude  that  when  these  gravels  were  deposited  the 
Thames  had  a  much  longer  course  than  it  has  at  present, 
and  that  this  part  of  the  valley  was  then  far  inland,  other- 
wise the  beds  would  be  at  a  lower  level,  and  the  sheik 
would  be  estuarine.  In  these  gravels,  at  Acton  and  Stoke 
Newington,  many  flint  implements  of  Palaeolithic  type  have 
been  found. 

Below  London,  at  Ilford,  Grays,  Crayford,  and  Erith, 
there  are  a  series  of  gravels,  sands,  and  loams  which  rise 
to  25  or  30  feet  above  the  river,  but  are  nearly  60  feet 
above  the  base  of  the  alluvium  at  Erith.  These  beds  have 
yielded  the  mammalian  remains  mentioned  on  p.  515,  and 
it  is  only  at  these  places  that  Rhinoceros  leptarhinus  and 
Bh.  tichorhinus  have  been  found  together.  The  presence  of 
Rhinoceros  megarhinus  (a  Pliocene  form),  and  the  absence 
of  the  Reindeer  {Cervus  tarandus),  are  regarded  as  indica- 
tions of  the  antiquity  of  the  deposits.  Between  fifty  and 
sixty  species  of  land  and  freshwater  shells  have  been  found, 
several  of  which  no  longer  live  in  Britain,  e.  ^.,  Cyrena 
fltmiinalis,  Unio  littoraliSf  Hydrohia  marginala,  Pcdudina 
eontecta,  Valvata  piscinalis  var.  antiqtia.  A  worked  flake 
proving  the  presence  of  Man  has  also  been  found  in  the 
lower  brick-earth. 

At  Crayford  and  Ilford  the  total  thickness  of  the  deposits 
is  from  20  to  30  feet. 

Still  farther  east,  at  Clacton,  on  the  coast  of  Essex,  there 
is  a  deposit  of  loam  with  freshwater  shells,  which  extends 
below  the  level  of  the  beach,  and  is  overlain  in  the  cliff  by 
red  loam  and  brown  shaly  clay  with  estuarine  shells.  Many 
of  the  same  mammalia  have  been  found  here,  and  Professor 
Dawkins  regards  them  as  a  continuation  of  the  Thames 
valley  deposits,  the  freshwater  loam  having  probably  been 
deposited  when  the  land  stood  at  a  higher  level. 

The  district  now  drained  by  the  river  Cam  contains  an 
interesting  series  of  river  deposits,  which  bear  testimony  to 
the  successive  changes  that  have  taken  place  in  the  drainage 
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system  of  this  area.  The  oldest  line  of  gravels  has  no  con- 
nection with  the  modem  river- valley,  but  crosses  it  nearly 
at  right  angles  near  Cambridge.  Patches  of  gravel  in  the 
hill-valleys  near  Balsham  testify  to  the  action  of  streams 
where  none  now  exist,  and  these  seem  to  have  imited  to 
form  a  river  which  ran  by  Wilbraham,  Quy,  Cambridge, 
Girton,  Oakington,  Long  Stanton,  and  Willingham.^  The 
deposits  it  has  left  now  form  long  gravel-capped  ridges,  the 
base  of  the  gravels  where  intersected  by  the  Cam  being 
about  40,  and  their  surface  sometimes  60  feet  above  the 
modem  alluvium.  These  fluviatile  gravels  appear  to 
terminate  abruptly  above  the  fens  of  the  Bedford  Level, 
but  were  probably  originally  continuous  with  the  gravels 
at  Chatteris,  Doddington,  and  March,  which  form  similar 
ridges  rising  above  the  general  level  of  the  fens  which  sur- 
roimd  them,  and  evidently  mark  the  estuarine  channel  of 
a  river  which  traversed  the  country  when  it  stood  at  a 
somewhat  lower  level,  and  before  the  Fen-land  existed.  The 
shells  found  at  March  are  chiefly  marine,  but  include 
Cyrena  fluminalis. 

Of  deposits  which  bear  a  definite  relation  to  the  modem 
river  Cam,  remains  of  three  terraces  can  be  recognized, 
the  highest  of  which  is  at  Barnwell  about  25  feet  above 
the  alluvium,  and  has  yielded  a  number  of  mammalian 
bones  and  teeth,  with  a  still  larger  number  of  shells, 
among  which  Cyrena  fluminalis,  Unio  littoralie,  and 
Hydrobia  marginata  occur.  These  three  shells  do  not 
occur  in  the  lower  terraces,  which  are  respectively  about 
15  and  8  feet  above  the  alluvium. 

Raised  Beaches. — Elevation  of  the  land  is  also 
attested  by  the  raised  beaches  and  sea-margins  which 
occur  along  many  parts  of  the  British  coast-line.  The 
beaches  consist  of  sand  and  gravel  irregularly  stratified, 
and  often  containing  drifted  shells,  such  as  may  be  found 
on  modem  shores.  Deposits  of  this  kind  occur  at  Brighton 
(see  "  Physical  Geology,"  p.  55)  ;  at  Selsea,  where  a  yellow 
clayey  gravel,  with  large  erratic  blocks  and  some  few 
shells  of  littoral  species,  overlies  an  older  loamy  deposit 
with  many  well-preserved  shells ;  at  Portland  Bill,  where 

^  **  Geology  of  Cambridge^  Mem.  GeoL  Survey,*  p.  82. 
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the  highest  part  of  the  deposit  is  50  feet  above  sea-lerel ; 
and  at  many  places  round  the  coasts  of  Devon  and  Corn- 
wall.^ On  the  Scottish  coasts  raised  beaches  and  lines  of 
cliff  are  found  at  various  successive  levels  between  26  and 
100  feet  above  high- water  mark,  four  or  five  sometimes 
occurring  one  above  another. 

Cave  Deposits. — The  origin  of  caves  and  the  forma- 
tion of  the  deposits  foimd  in  them  have  been  explained 
elsewhere  ("  Physical  G-eology,"  p.  90).  Many  sucJi  caves 
have  now  been  explored  in  England  and  Wales,  and  the 
assemblage  of  mammalian  remains  obtained  from  them  is 
practically  the  same  as  that  obtamed  from  the  river 
gravels.  Many  caves  have  served  as  dens  for  hysenas,  and 
the  bones  of  other  animals  belong  to  carcases  which  have 
been  dragged  in  by  these  creatures.  At  other  times  they 
have  served  as  shelters  for  human  hunters,  whose  occupa- 
tion of  them  is  proved  by  the  frequent  occurrence  of  stone 
implements — Paleeolithic  in  the  lower  beds,  and  NeoUthic 
in  the  higher.  The  caves  of  Creswell  Crags  in  the  Mag- 
nesian  Limestone  on  the  borders  of  Derby  and  Notts  afford 
good  examples  of  such  deposits.  In  Bobin  Hood  Cave  the 
beds  found  were : — 

Feet, 

5.  Stalasmite  united  to  the  roof 1  to  2 

4.  Breccia  with  bones  and  implements        .  .0  —  3 

3.  Cave-earth  with  bones  and  implements  .        .        .2  —  4 

2.  Red  clayey  sand,  with  bones 2  —  4 

1.  Light-coloured  sand,  with  blocks  of  limestone  fallen 

from  the  roof 2 

The  lowest  sand  yielded  no  organic  remains,  but  the  red 
sand  contained  bones  of  many  animals,  all  of  them  scored 
with  the  teeth-marks  of  the  creatures  which  had  dragged 
them  into  the  cave,  and  that  these  were  hysBnas  is  proved 
by  the  abimdance  of  hysBna  bones  and  teeth  belonging  to 
individuals  of  all  ages  from  cubhood  upwards.  Flint  im- 
plements are  rare  in  the  sand,  but  abound  in  the  over- 
lying cave-earth,  some  consisting  of  flint  and  others  of 
quartzite,  but  all  of  PalsBolithie  form  ;  bones  of  the  same 

'  See  De  la  Beche,  *^  Geology  of  Devon  and  Cornwall,  Mem«  GeoL 
Survey,"  and  W.  A.  E.  Ussher,  "  Geol.  Mag.,"  1879.  p.  166. 
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animals  occur  in  this  layer.  Lastly,  in  the  breccia  above, 
are  flint  and  bone  implements  of  the  more  highly  finished 
type  which  is  known  as  Neolithic,  and  fashioned,  according 
to  Professor  Dawkins,  by  a  different  race  of  men  to  the 
earlier  inhabitants. 

The  Kirkdale  Cave  in  the  Carboniferous  Limestone  of 
Yorkshire  is  another  well-known  example  of  a  hyaena  den, 
and  was  explored  many  years  ago  by  Dr.  Bucldand,  who 
found  in  it  the  remains  of  about  300  hysenas,  old  and 
young,  together  with  gnawed  bones  of  many  herbivorous 
animals. 

Kent's  Cavern,  in  the  Devonian  Limestone  near  Torquay, 
has  been  carefully  explored  by  Mr.  Pengelly,  with  assis- 
tance from  the  British  Association,  and  some  interesting 
facts  were  elicited,  the  general  succession  being  as  fol- 
lows : — 

6.  Black  mould. 

4.  Granular  stalagmite. 

3.  CaTe-earth,  with  bones  and  implements. 

2.  Crystalline  stalagmite. 

1.  Breccia,  with  bones  of  bears  and  implements. 

This  cave  seems  to  have  been  first  occupied  by  bears,  and 
occasionally  by  men  of  the  Paleeolithic  race,  all  the  im- 
plements found  in  the  breccia  being  of  the  more  ancient 
and  rude  type.  Li  the  cave-earth  above,  hysena  bones 
are  the  most  abundant,  and  the  implements  associated 
with  them  are  of  Neolithic  type,  some  being  fashioned  of 
bone. 

Some  caves  overlooking  the  Vale  of  Clwyd,  in  North 
Wales,  have  been  recently  explored  by  Dr.  H.  Hicks,  who 
thinks  that  the  oldest  deposits  in  them  were  introduced  in 
early  Pleistocene  times  before  the  Glacial  submergence,  for 
they  occur  on  the  side  of  a  small  valley  or  ravine,  which 
has  evidently  been  filled  with  boulder-clay  and  sandy  gravel 
to  a  level  somewhat  above  that  of  the  highest  cave,  which 
is  now  62  feet  above  the  stream  at  the  bottom.  The  bone- 
beds  seem  to  have  been  disturbed  and  mixed  with  sand  and 
sandy  gravel,  like  that  in  the  valley  outside ;  such  a  con- 
clusion, if  confirmed,  would  make  the  immigration  of  Pa- 
laeolithic man  anterior  to  the  formation  of  these  Glacial 
deposits,  which  are  of  the  low-level  Lancashire  type,  and 
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the  latest  excavations  appear  to  afford  the  desired  con- 
firmation.^ 

Alluvial  Levels. — Strips  of  alluvium  formed  of  the 
deposits  left  by  the  flood  waters  border  the  channels  of  all 
our  lowland  rivers  and  widen  out  in  the  lower  part  of  the 
valley,  till  near  the  river's  mouth  they  often  form  wide  levels 
or  marshee.  which  are  partly  of  fluviatile  and  partly  of 
marine  origin.  The  depth  of  alluvial  matter  which  occupies 
the  ancient  valleys  of  our  rivers  near  their  mouths  is  some- 
times very  great ;  thus  at  Sheemess,  and  also  at  Upchurch, 
near  Sheppey  Island,  borings  have  proved  11  feet  of  such 
alluvium.  Li  the  Essex  Marshes  there  is  sometimes  50 
feet  of  alluvial  matter.  At  Yarmouth  there  is  said  to  be 
170  feet,  and  in  the  valleys  of  the  Tare  and  Wensum  there 
appears  to  be  sometimes  60  or  70  feet  of  alluvium  between 
the  present  surface  and  the  Chalk  which  lies  at  the  bottom 
of  the  valley. 

In  the  Vale  of  Pickering,  in  Yorkshire,  a  deep  deposit  of 
alluvial  matter  has  accumidated  behind  the  bank  of  boulder- 
clay  which  blocks  the  seaward  end  of  the  valley,  forming 
the  great  "  flats  "  and  "  ings  "  near  the  villages  of  Wilton, 
Allerston,  Ebberston,  and  Swainton.  The  deposits  consist 
of  soft  clays  and  sands,  which  are  sometimes  60,  70,  and 
even  100  feet  deep,  resting  usually  on  a  layer  of  gravel 
from  which  a  water  supply  is  obtained. 

Besides  the  deposits  above  mentioned  which  lie  within 
river- valleys,  there  are  other  tracts  roimd  our  shores  which 
have  once  been  bays  and  inlets  of  the  sea,  and  are  now  filled 
principally  with  marine  silts  and  clays,  though  layers  of 
peat  with  trunks  of  trees  are  frequently  intercalated  with 
the  silts,  and  mark  pauses  in  the  process  of  silting  up. 
Many  such  tracts  pass  beneath  the  present  beaches,  and 
were  evidently  once  much  more  extensive  than  they  are 
now.  Such  are  the  marshes  near  Fleetwood,  in  Lancashire, 
the  Bridgewater  Levels  in  Somerset,  which  pass  beneath 
the  Bristol  Channel,  and  must  formerlv  have  extended  far 
down  this  estuary,  Pevensey  Levels  in  Sussex,  and  Romney 
Marshes  in  Kent,  the  fens  of  Cambridge  and  Lincoln,  and 
the  marshes  of  the  East  Lincolnshire  coast. 

*  See  "Quart.  Journ,  Geol.  Soc.,"  vol.  xlii.  p.  15,  and  "Nature," 
July  8,  1886. 
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Some  of  these  areas  have  been  previously  described 
("  Physical  Geology,"  p.  191,  et  8eq,)y  and  the  facts  connected 
with  them  appear  to  show  that  they  are  all  portions  of 
more  widely  spread  plains  which  may  once  have  extended 
across  to  Belgium  on  the  east,  to  France  on  the  south,  and 
to  Ireland  on  the  west.  The  same  phenomena  are  of  fre- 
quent occurrence  roimd  the  shores  of  Ireland,  undisturbed 
beds  of  peat  being  frequently  foimd  beneath  the  sand  and 
mud  of  the  Irish  bays  and  harbours.  Professor  Jukes  re- 
marks that  "  at  numerous  points  along  the  south  and  west 
coast  of  Ireland,  it  is  a  common  practice  for  the  country 
people  to  go  to  the  head  of  the  sandy  bogs  at  dead  low 
water  of  spring-tides  and  to  dig  turf  from  underneath  the 
sand,  and  it  has  been  equally  noted  in  similar  situations 
along  the  eastern  and  northern  coasts."  ^  The  rooted 
stumps  of  trees,  which  are  so  common  in  all  these  sub- 
merged peat- beds,  prove  that  the  silted-up  bays  were  ele- 
vated into  dry  land,  and  their  present  position  proves  that 
this  land  has  been  subsequently  submerged.  Bones  of 
elephants,  wild  oxen,  and  deer  are  sometimes  found  in 
these  beds,  associated  with  stone  implements  of  Neolithic 
type. 


Physical  Geography  and  Climatal  Changes  in 

THE  British  Area. 

Miocene  Period. — From  the  entire  absence  of  Mio- 
cene rocks  in  Britain  we  may  conclude  that  the  whole  of 
the  British  area  was  at  this  time  above  the  level  of  the  sea, 
and  that  it  formed  part  of  the  great  Miocene  continent 
which  was  mentioned  on  p.  488.  There  was,  in  fact,  a 
continuance  of  the  elevation  which  was  in  progress  during 
Oligocene  times,  and  the  vertical  rise  appears  to  have  been 
greater  in  the  west  than  in  the  east,  thus  imparting  an 
easterly  inclination  to  all  the  Neozoic  rocks,  and  causing 
the  development  of  the  successive  escarpments  which  they 
now  exhibit ;  it  is  indeed  possible  that  this  easterly  dip 
was  greater  in  Miocene  times  than  it  is  at  present. 

*  •*  Manual  of  Geology,"  second  edition,  p.  686, 
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The  physical  features  of  central  and  southern  England 
appear  to  date  from  this  period,  so  far  at  least  as  the 
general  contours  of  the  country  are  concerned.  In  Oligo- 
cene  times  the  courses  of  the  rivers  seem  to  have  been  very 
different ;  the  Severn,  for  instance,  may  then  have  been  a 
tributary  of  the  river  which  had  its  estuary  over  the  Isle 
of  Wight,  and  was  perhaps  deflected  to  its  present  course 
by  the  rise  of  the  Chalk  escarpment  in  Wilts.  The  Thames 
could  have  had  no  existence  as  a  separate  river  until  the 
watershed  of  the  Jurassic  escarpment  had  been  formed, 
and  though  its  valley  may  possibly  have  been  initiated  in 
Oligocene  times,  the  present  system  of  drainage  could  only 
have  been  developed  contemporaneously  with  the  formation 
of  the  escarpments ;  and  the  same  may  be  said  of  all  the 
streams  which  run  in  the  longitudinal  valleys  parallel  to 
these  escarpments. 

As  regards  the  general  elevation  of  the  country  above 
the  sea  at  this  epoch,  it  is  a  remarkable  fact  that  our 
islands  are  shown  by  the  Admiralty  charts  to  stand  upon 
a  submarine  plateau,  the  border  of  which  runs  outside  the 
coasts  of  France,  Ireland,  and  the  Hebrides  ;  on  this  plateau 
the  soundings  are  everywhere  imder  100  fathoms  (600 
feet),  but  from  its  surface  the  sea-bottom  slopes  steeply 
down  to  depths  of  1,300  and  1,600  fathoms  (9,000  feet), 
as  if  its  edge  had  for  a  long  time  formed  the  coast-line  of 
western  Europe.  This  was  doubtless  the  coast-line  through- 
out the  whole  duration  of  Eocene,  OUgocene,  and  Miocene 
times,  and  during  the  latter  period  it  is  quite  likely  that 
Britain  stood  between  2,000  and  3,000  feet  higher  out  of 
the  sea  than  it  does  now ;  while  the  mountains  of  Wales 
and  Scotland  may  well  have  been  twice  as  high  as  they  are 
now,  and  thus  have  lifted  their  crests  to  8,000  or  9,000 
feet  above  the  sea-level  of  the  period.*  An  elevation  of 
600  fathoms  would  almost  imite  Scotland  to  G-reenland, 
for  there  is  a  ridge  connecting  these  countries  where  sound- 
ings are  seldom  over  that  depth  and  more  often  between 
300  and  400  fathoms.  Greenland  was  doubtless  then  in 
connection  with  America,  and  no  northern  currents  entered 
the  Atlantic  Ocean. 

*  See  Bovd  Dawkins,  **  Early  Man  in  Britain,*'  p.  44,  and  Professor 
Judd  in  **  Quart.  Joum.  Geol.  Soc.,''  vol.  xxx.  p.  259. 
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The  North  Sea  between  Britain  and  Scandinavia  must 
have  formed  one  of  the  vast  plains  of  the  Miocene  conti- 
nent, and  was  doubtless  watered  by  the  rivers  which 
flowed  down  from  the  surrounding  highlands,  and  which 
united  perhaps  to  form  the  deep  trench-like  valley  which 
curves  round  the  coast  of  Sweden,  and  the  bottom  of 
which  lies  200  feet  below  the  average  depth  of  the  North 
Sea.  Over  the  plain  now  occupied  by  this  sea  and  across  the 
English  Channel  some  of  the  Miocene  animals  must  have 
roamed  into  England,  but  the  only  evidence  of  their  ever 
having  occupied  our  islands  is  the  occurrence  of  the  bones 
of  certain  species  in  the  nodule  beds  which  form  the  base 
of  our  Pliocene  deposits.  The  absence  of  Binotherium 
bones  among  these  may  possibly  be  due  to  the  absence  of 
any  lakes  on  the  banks  of  which  he  coxild  live. 

Pliocene  Period. — ^At  this  epoch  a  movement  of  sub- 
sidence took  place  by  which  a  part  at  least  of  the  British 
area  was  lowered  considerably  from  the  position  it  occu- 
pied in  Miocene  times.  The  area  of  the  North  Sea  was 
submerged,  and  the  eastern  part  of  England  was  also  de- 
pressed beneath  its  waves.  Free  communication  was  thus 
established  between  this  eastern  sea  and  the  Arctic  Ocean, 
enabling  northern  species  of  mollusca  to  spread  south- 
ward to  our  eastern  coasts.  In  early  Pliocene  times  there 
was  probably  a  connection  between  this  sea  and  the  Medi- 
terranean by  means  of  a  shallow  channel  across  the  south- 
east of  England  to  Normandy,  and  thence  southward 
through  Frajice,  but  the  limitation  of  the  later  Pliocene 
deposits  to  the  extreme  eastern  and  western  parts  of 
England  renders  it  highly  probable  that  at  that  time  the 
country  was  once  more  joined  to  the  continent  across  the 
English  Channel. 

Moreover,  it  is  by  no  means  certain  that  the  north-western 
portions  of  the  land  forming  Miocene  Britain  participated 
in  the  subsidence  above  indicated;  this  movement  may 
have  been  like  that  which  has  recently  taken  place  in  Scan- 
dinavia, and  the  southern  districts  may  have  sunk  while 
the  northern  remained  stationary,  or  were  even  rising 
The  recent  discovery  of  the  Pliocene  beds  at  St.  Erth,  while 
it  proves  that  this  area  partook  of  the  submergence,  affords 
some  evidence  in  support  of  the  above  supposition,  for  the 
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remarkable  absence  of  northern  species  of  moUusca  in  those 
beds  leads  Messrs.  Kendall  and  BelP  to  conclude  that 
this  western  sea  had  no  communication  with  the  Arctic 
Ocean,  and  that  land  still  extended  northward  from  Scot- 
land to  Iceland  and  G-reenland,  as  it  did  in  the  preceding 
period,  forming  a  barrier  of  separation  between  the  Atlantic 
and  the  Arctic  Oceans. 

Britain  therefore  in  Pliocene  times  appears  to  have  been 
so  situated  that  its  eastern  shores  were  swept  by  a  cold 
current  from  the  north,  while  the  temperature  of  the 
western  coast  was  kept  up  by  a  warm  current  setting  from 
the  south,  or  by  a  "  gulf  stream,"  as  at  present ;  the 
Atlantic  was  not,  as  now,  invaded  by  cold  currents  from 
the  north,  except  perhaps  towards  the  close  of  the  period, 
when  by  the  sinking  of  the  Davis  Strait  and  Baffin's  Bay 
area  a  cold  current  from  the  north-west  may  have  begmi 
to  set  toward  our  area  ;  this,  however,  would  hardly  cause 
much  refrigeration  until  a  large  amount  of  ice  had  accu- 
mulated in  the  Arctic  regions,  as  it  subsequently  did. 

The  increasing  proportion  of  northern  forms  in  the 
Crags  (see  p.  507)  may  however  be  taken  as  an  indication 
that  the  climate  was  becoming  gradually  colder,  and  that 
some  change  either  cosmicalor  geographical  was  taking  place 
which  was  increasing  the  severity  of  the  winters  and  dimi- 
nishing the  warmth  of  the  siunmers  in  our  part  of  the 
world  ;  and,  finally,  in  the  Forest  Bed  we  find  a  fauna  and 
flora  indicative  of  a  climate  somewhat  colder  than  that 
which  at  present  prevails  in  Norfolk.  All  this  prepares  us 
for  the  great  change  which  took  place  immediately  after 
the  formation  of  this  bed. 

Two  important  geographical  facts  are  proved  by  the 
phenomena  of  this  Norfolk  Forest  Bed : — (1)  the  presence 
of  a  large  river ;  (2)  the  silting  up  of  that  part  of  the 
North  Sea  in  which  the  Crags  had  been  deposited.  There 
appears  to  have  been  a  slight  elevation  of  the  land  at  this 
exKKjh,  bringing  the  east  of  England  well  above  the  level  of 
the  sea,  and  converting  the  southern  part  of  the  North  Sea 
into  a  low-lying  country  covered  with  forests  of  spruce  and 
Scotch  firs,  oaks,  beeches,  and  elms.     But,  as  Mr.  C.  Eeid 
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obseirea,'  "a  most  important  feature  in  the  physical  geo- 
graphy of  the  period  was  imdoubtedly  the  large  '  Forest- 
Bed  '  river,"  and  with  the  view  of  determining  the  direction 
from  which  this  river  flowed,  be  made  a  careful  examination 
of  the  stones  composing  the  gravelly  portions  of  the  bed. 
He  found  the  collection  of  pebbles  to  be  such  that  if  the 
river  had  flowed  from  the  south,  vest,  or  north,  it  must 
have  brought  a  very  difEerent  assemblage.  "It  seems, 
therefore,  that  only  from  the  south-east  and  east  could  the 
stAnea  be  derived,  and  that  the  river  must  have  been  very 
large  la  shown  by  the  uniformity  of  the  composition  of  the 
gravels  at  considerable  distances  apart, — If  this  be  the 
correct  reading,  the  river  can  be  do  other  than  the  Rhine,  a 
view  held  by  various  writers  ever  since  the  Forest  Bed  was 
first  known."  He  concludes,  therefore,  that  the  estuary 
of  the  Bliine  at  this  epoch  lay  just  outside  our  eastern 
coasts,  and  that  the  Forest  Bed  was  a  deposit  formed  on  its 
banks. 

The  intercalation  of  the  Forest  Bed  between  two  deposits 
of  marine  sand  proves  that  the  district  was  but  little 
elevated  above  the  sea,  and  the  Leda  myalU  bed  indicates 
either  a  submei^nce  or  a  rapid  wasting  of  the  coast  under 
the  encroachments  of  the  aea. 

Pleistocene  Period. — The  Arctic  plants  in  the  thin 
layer  underlying  the  lowest  Boulder-clay  of  Cromer  indi- 
cate a  great  and  sudden  increase  of  cold,  and  the  overlying 
Boulder-clays  are  the  acknowledged  product  of  ice-action, 
though  opinions  differ  as  to  whether  the  principal  agent 
engaged  in  their  formation  was  marine-ice  or  land-ice. 
Before  attempting  to  distinguish  between  the  claims  of 
these  two  agents  let  us  endeavour  to  form  some  idea  of  the 
causes  which  led  to  thia  great  alteration  of  climate,  and 
brought  Glacial  conditions  into  Britain. 

So  far  as  we  know  there  are  only  two  sets  of  causes 
which'  could  have  wrought  such  a  change  ;  these  are  (1) 
cosmicat  and  astronomical  causes  affecting  the  whole  globe, 
(2)  local  and  geographical  causes  involving  the  connection 
or  disconnection  of  continents,  and  the  consequent  diver- 
gence or  introduction  of  marine  currents. 

'  "  Geolo^  of  the  Coontry  •ronnd  Cromer,  Mem.   GeoL  Survey ," 
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disposed  of  in  two  ways :  some  are  reflected  back  into  space ; 
others  are  absorbed,  but  do  not  raise  the  temperature,  for 
they  are  used  up  in  melting  a  portion  of  the  ice. 

(c)  The  great  strength  of  the  sun's  rays  at  the  beginning 
of  summer  would  produce  an  increased  amount  of  evapora- 
tion ;  but  the  presence  of  snow-clad  mountains  would  chill 
the  atmosphere  and  condense  the  vapour  into  thick  fogs 
such  as  envelop  the  Antarctic  regions  during  summer  at 
the  present  time.  These  fogs,  by  cutting  off  the  sun's  rays, 
prevent  the  further  melting  of  the  snow  and  ice,  and  make 
the  summer  temperature  of  these  regions  actually  lower 
than  that  of  the  northern  regions,  in  spite  of  the  summer 
occurring  in  periheUon. 

(2)  Let  us  next  examine  the  probable  geographical  con- 
ditions of  the  period.  The  land  connection  between  Scot- 
land and  Greenland  has  already  been  mentioned,  and  there 
is  every  reason  to  suppose  that  it  continued  to  exist  till  the 
beginning  of  Pleistocene  time ;  all  authorities  are  agreed 
that  the  British  Islands  then  stood  at  a  much  higher  level 
than  they  do  now,  that  England  was  joined  to  the  Conti- 
nent, and  that  Ireland  was  probably  united  to  England,  and 
consequently  that  all  our  moimtainous  regions  rose  to  much 
greater  elevations.  It  is  hardly  necessary  to  point  out  that 
a  greater  extent  of  land  with  more  lofty  mountains  are  con- 
ditions which  would  favour  a  greater  accumulation  of  snow. 

Assuming,  then,  the  persistence  of  the  barrier  between 
the  Arctic  and  Atlantic  Oceans,  what  changes  can  be  indi- 
cated as  likely  to  bring  a  cold  current  into  the  Atlantic 
from  the  north-west  ? — for  the  existence  of  such  a  current 
seems  to  be  proved  by  the  prevalent  direction  of  ice-marks 
in  England,  Scotland,  and  Ireland,  and  by  the  facts  con- 
nected with  the  dispersal  of  erratics.  I  venture  to  suggest 
that  the  submergence  of  the  Baflin's  Bay  area  may  have 
taken  place  at  this  time,  and  that  by  this  means  a  cold 
Arctic  current  would  be  introduced  into  the  Atlantic,  and 
would  in  all  probability  flow  eastward  along  the  western 
side  of  that  land  of  which  our  islands  formed  a  part.  Such 
a  current  woidd  pick  up  numerous  ice-floes  on  its  way, 
and  would  drive  them  against  our  shores  jtist  as  ice  is  now 
driven  on  to  the  shores  of  Labrador,  and  by  such  an 
arrangement  any  warm  current  such  as  the  modem  **  gulf 

II,  o  o 
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stream  "  would  be  cut  off  from  our  north-west  coasts,  and 
compelled  to  take  a  more  southerly  course. 

Dr.  Croll,  however,  has  adduced  very  good  reasons  for 
supposing  that  no  such  powerful  current  as  the  G-uK 
Stream  then  entered  the  North  Atlantic.  He  points  out 
that  the  strength  of  the  trade  winds  depends  on  the  diffe- 
rence of  temperature  that  may  exist  between  the  equatorial 
and  polar  regions,  the  winds  being  strongest  in  that  hemi- 
sphere where  the  greatest  difference  exists.  When  this 
occurred  in  the  northern  hemisphere  the  influence  of  the 
northern  trades  woidd  extend  considerably  south  of  the 
equator,  and  this  would  affect  the  great  ocean  currents, 
tending  to  impel  them  southwards.  Even  as  it  is,  a  portion 
of  the  Gulf  Stream,  where  it  impinges  on  the  eastern  coast 
of  South  America,  is  deflected  southward  along  the  coast  of 
Brazil,  and  under  the  conditions  above  indicated  it  is  quite 
possible  that  the  current  might  be  shifted  so  far  southward 
that  the  whole  of  it  was  similarly  deflected  into  the  southern 
ocean,  or  that  the  portion  escaping  northward  was  but  an  in- 
significant and  feeble  current.  The  abstraction  of  the  Gulf 
Stream  from  the  North  Atlantic  would  have  an  enormous 
effect  on  the  climate  of  Britain,  and  Dr.  Croll  calculates 
that  the  mean  temperature  of  London  would  be  at  once 
lowered  by  40®  F, 

Such  physical  and  geographical  conditions  at  these,  viz., 
Britain  forming  a  prolongation  of  Greenland,  washed  on 
both  sides  by  cold  Arctic  currents  and  deprived  of  the 
influence  of  the  Gulf  Stream,  would  be  calcidated  to  pro- 
duce an  extreme  amount  of  cold,  and  if  the  evidences  of  a 
Glacial  period  were  confined  to  Britain,  would  be  almost 
sufficient  to  account  for  the  facts ;  but  since  similar  phe- 
nomena occur  over  all  the  northern  parts  of  Europe,  Asia, 
and  America,  we  must  admit  that  the  cosmical  causes  had 
also  much  to  do  with  the  induction  of  the  Glacial  period. 
An  adequate  conception  of  the  geographical  conditions 
which  probably  prevailed  at  the  commencement  of  the 
period  is  essential  to  the  proper  comprehension  of  our 
Glacial  deposits,  and  the  writer  thinks  that  any  history  of 
Britain  during  Pleistocene  time  should  open  with  such  a 
picture  of  its  geography  and  hydrographic  surroundings  as 
that  which  has  just  been  sketched. 
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In  the  deBcriptive  Bectioa  it  has  been  mentioned  that 
glaciated  surfacee  are  common  throughout  the  northern 
parts  of  Britain,  and  that  similar  markings  occur  beneath 
the  Boulder-clays  which  cover  the  lowlands ;  much  of  this 
glaciation  was  doubtless  effected  bv  land-lee  at  the  com- 
mencement of  the  period,  when  the  land  stood  at  a  high 
level.  The  country  seemB  then  to  hare  been  covered  by  a 
vast  system  of  glaciers,  which  may  have  been  confluent  on 
the  lower  ground,  and  have  formed  an  ice-sheet  like  that 
which  envelops  Greenland  at  the  present  day.  The  High- 
lands of  Scotland  evidently  formed  the  largest  centre  of 
dispersal,  but  independent  snowfields  existed  over  the 
southern  uplands,  the  English  Lake  District,  Wales,  and 
Korthem  Ireland.  The  principal  result  of  these  slowly- 
moving  ice-caps  may  be  described  as  a  general  scraping 
and  scouring  out  of  the  land  beneath  them ;  all  its  rocky 
prominences  were  smoothed  and  rounded  off,  the  pre-glacial 
soils  and  river  gravels,  and  the  outer  weathered  portions 
of  all  rock -surfaces,  were  ground  up  and  pushed  along 
down  the  valleys  and  out  on  to  the  plains  below. 

The  hard  Till  or  Lower  Boulder-clay  is  believed  to  have 
been  formed  under  this  ice-sheet,  and  some  authorities 
consider  it  to  have  been  accumulated  as  a  "  moraine  pro- 
fonde"  beneath  the. ice  which  rested  on  the  land;  but 
others  question  the  possibility  of  such  an  universal  layer 
of  detritus  existing  beneath  an  ice-sheet,  and  suggest  that 
this  Boulder-clay  was  laid  down  below  the  level  of  the  sea, 
where  the  ice  displaced  the  sea-water,  but  began  to  rise  or 
lift  itself  from  the  ground  over  which  it  passed. 

With  r^ard  to  the  later  Boulder-clays,  and  those  which 
spread  over  so  lai^  a  part  of  England,  there  can  be  little 
doubt  that  sea-ice  was  chiefljr  concerned  in  their  forma- 
tion ;  all  admit  that  after  the  ice  had  reached  its  maximum 
thickness  and  extension,  a  general  movement  of  submer- 
gence set  in.  which  brought  the  sea-ice  farther  and  farther 
over  the  land.  Ijhiring  this  phase  of  the  period  the  outer 
parts  of  the  ice- sheet  would  be  broken  up  by  the  sea- 
waves,  the  huge  icebergs  thus  formed  being  mingled  with 
the  floes  brought  from  more  northern  r^ons  by  the  two 
Arctic  currents,  and  both  yielding  their  burdens  of  mud 
and  atones  to  swell  the  deposits  of  Boulder-clay  that  were 


irom  uisereui/  axreciiona 
the  English  Boulder-cla; 
On  the  eastern  coasts  the 
from  the  north-east,  bri 
and  eventnallj  driving  id 
leaving  a  long  trail  of  ehl 
the  south-west ;  but  there 
and  north-west  carrying  i 
chain  and  from  the  Jun 
passed.    The  western  coa0 
an  ice-laden  current  from  t 
Bank,  carried  everything  bd 
drove  floes  laden  with  rocki 
Lake  District  southwards  t< 
wards  through  the  pass  of  I 
shire,  to  drop  their  burdens 
Vale  of  Pickering. 

On  this  hypothesis  of  t 
surface,  the  distribution  of  1 
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exposed  cliff,  and  glaciers  i 
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As  the  land  sank  low-  - 
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that  stones  and  boulders  derived  from  sites  at  compara- 
tively low  levels  were  carried  up  to  the  positions  where 
they  are  now  found.  It  was  also  by  the  occasional  ground- 
ing of  large  floes  and  bergs  that  portions  of  the  sea-bottom, 
outside  the  influence  of  coast-ice,  were  torn  up  and  carried 
forward,  to  be  incorporated  with  the  Botdder-clays  of 
Aberdeen  and  Yorkshire. 

Lastly,  the  so-called  interglacial  deposits,  i.e.,  beds  of 
clay  and  peat  with  remains  of  terrestrial  plants  and  ani- 
mals, are  what  we  might  expect  to  find  under  such  con- 
ditions, for  as  successive  portions  of  the  land  were  brought 
beneath  the  sea,  many  such  lacustrine  beds  situate  in  pro- 
tected spots  might  escape  destruction,  and  while  still 
covered  with  frozen  water  might  be  buried  under  the  ever- 
advancing  deposit  of  Boulder-clay. 

Mr.  Mackintosh  thinks  that  the  water- worn  character  of 
the  pebbles  in  the  high-level  stratified  Drift  of  Wales,  as 
contrasted  with  the  angular  character  of  the  blocks  at  lower 
levels,  indicates  a  decrease  in  the  rate  of  submergence,  and 
says,  "  at  this  period  the  district  was  probably  in  the  (Con- 
dition of  a  littoral  zone,  which  may  have  lasted  for  a  time 
sufficient  to  enable  the  waves  to  round  the  stones,  and  to 
allow  the  Mollusca  to  multiply  in  the  littoral  and  sub- 
littoral  zones."  ^  The  occurrence  of  such  shelly  gravels  at 
about  the  same  level  in  Ireland,  Wales,  and  at  Maccles- 
field Forest  confirms  this  idea  of  Britain  having  remained 
stationary  for  some  time  when  the  sea  was  at  this  level. 
It  must  be  remembered,  too,  that  the  submergence  of  the 
land  would  partially  amehorate  the  severity  of  the  climate 
and  enable  some  Mollusca  of  less  Arctic  habit  to  Uve  in  the 
sea  which  then  covered  oiu'  islands. 

From  the  icy  sea  by  which  it  was  submerged  Britain 
gradually  rose  again,  and  as  the  mountains  rose  higher  and 
higher  above  the  water  they  were  again  covered  by  ice  and 
snow,  but  these  did  not  accumulate  to  anything  like  their 
previous  thickness,  because  the  conditions  which  had  caused 
the  Glacial  episode  in  the  northern  hemisphere  were  now 
passing  away.  Snowfields,  however,  formed  on  the  hills 
of  Scotland,  Ireland,  Cumberland,  and  Wales,  generating 

^  "  Quart  Journ.  GeoL  Soc.,"  vol.  xxxtu.  p.  362. 
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local  glaciers,  which  have  left  small  moraines  to  mark  the 
limits  of  their  descent.  The  lower  ground,  when  it  rose 
above  the  sea,  appears  to  have  been  quite  free  from  perma- 
nent snow,  and  was  tenanted  by  the  numerous  animals 
which  have  left  their  bones  in  the  caves  and  the  river- 
gravels. 

The  rainfall,  however,  was  probably  greater  than  it  is 
now,  and  the  country  being  covered  with  an  almost  uni- 
versal mantle  of  Boiilder-clay,  no  large  tracts  of  pervious 
rock  were  then  exposed,  such  as  now  absorb  a  portion  of 
the  rainfall ;  consequently,  nearly  all  the  rain  was  shed  off 
the  land  in  the  shape  of  running  water,  all  the  streams  and 
rivers  were  larger  and  swifter  than  they  are  at  present,  and 
the  process  of  valley  erosion  was  thus  carried  on  at  a  rapid 
rate. 

Since  the  Glacial  deposits  to  a  great  extent  draped  the 
pre-glacial  surface  of  the  country  without  completely  filUng 
up  the  pre-existent  valleys,  the  streams  were  naturally 
directed  into  the  same  depressions  ;  but  the  channel  which 
each  began  to  carve  out  of  the  Glacial  Beds  did  not  every- 
where coincide  with  that  of  the  river  which  occupied  the 
valley  in  pre-glacial  times,  so  that  in  many  cases  we  have  a 
post-glacial  valley  system  superimposed  upon  an  antecedent 
one,  as  in  the  case  of  the  Mersey  and  of  many  rivers  in 
Scotland  (**  Physical  Geology,"  p.  61).  Cases  also  occm* 
where  the  older  valleys  have  been  so  blocked  up  by  Glacial 
deposits  at  certain  points  that  the  post-glacial  streams 
were  ponded  back,  and  have  made  new  channels  for  them- 
selves through  the  coimtry  between  the  older  valleys ;  inte- 
resting instances  of  this  occur  in  Lincolnshire.^ 

It  was,  therefore,  during  the  gradual  elevation  of  the 
coimtry  from  the  great  submergence  that  our  river- valleys 
acquired  their  present  features,  their  excavation  by  the 
rivers  which  now  occupy  them  being  attested  by  the  several 
terraces  or  banks  of  river-gravel  which  were  formed  during 
the  process.  The  upheaval  appears  to  have  been  an  inter- 
rupted movement  with  frequent  pauses,  allowing  the  sea  to 
form  lines  of  cliff  and  beach  at  successive  intervals,  and 
this  upheaval  appears   to  have  been  continued  till  the 

*  See  "  Quart.  Journ.  Geol.  Soc.,"  vol.  xl.  p.  160. 
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whole  of  England  *  stood  considerably  higher  out  of  the  sea 
than  it  does  now — certainly  150  feet,  and  perhaps  250  feet 
higher — this  greater  elevation  enabling  the  rivers  to  cut  their 
valleys  everywhere  down  to  a  much  lower  base-line  than 
they  possibly  could  do  under  existing  circumstances.  The 
British  rivers  must  all  have  had  much  longer  courses; 
the  English  Channel,  where  soundings  seldom  exceed  35 
fathoms  (210  feet),  was  doubtless  a  wide  valley  through 
which  the  united  waters  of  the  Seine  and  Somme,  with 
many  tributaries  from  our  southern  coast,  ran  westward  to 
the  Atlantic;  the  Bristol  Channel  was  a  similar  valley, 
watered  by  the  continuation  of  the  river  Severn ;  the 
Thames  was  a  tributary  of  the  Rhine  as  in  Pliocene  times, 
the  latter  probably  flowing  nearly  due  north  through  the 
plain  of  the  German  Ocean  and  receiving  not  only  the 
Thames,  but  all  the  other  rivers  which  flow  through  our 
eastern  counties. 

Across  the  valley  of  the  English  Channel  the  large  con- 
tinental mammalia  once  more  migrated  into  Britain,  and 
in  their  train  came  the  earliest  human  inhabitants  of  our 
country.  It  was  probably  at  this  time  that  most  of  the 
caves  were  occupied  by  hyaenas,  for  many  caverns  occur  in 
situations  to  which  there  could  only  have  been  access  at  a 
time  when  the  land  was  higher,  and  before  the  valleys  had 
been  cut  to  their  present  depth.  Thus  Pi'ofessor  Boyd 
Dawkins,  alluding  to  a  cave  on  Caldy  Island  off  the  coast 
of  South  Wales,  remarks :  "  The  discovery  of  mammoth, 
rhinoceros,  horse,  Irish  elk,  bison,  wolf,  lion,  and  bear  on 
so  small  an  island  as  Caldy,  indicates  that  a  considerable 
change  has  taken  place  in  the  relation  of  the  land  to  the 
sea  since  those  animals  were  alive.  It  would  have  been 
impossible  for  so  many  and  so  large  animals  to  have  ob- 
tained food  on  so  small  an  island.  It  may,  therefore,  be 
reasonably  concluded  that  when  they  perished  in  the  fis- 
sures Caldy  was  not  an  island,  but  a  precipitous  hill  over- 
looking the  broad  valley  now  occupied  by  the  Bristol 
Channel,  but  then  affording  abundant  pasture.     We  must, 

*  It  is  not  certain  whether  Scotland  participated  in  these  later  move- 
ments to  the  same  extent  as  England.  Mr.  Hugh  Miller  tells' me  there 
is  no  proof  anywhere  north  of  Durham  that  the  valleys  were  cut  to  a 
much  lower  base-line  than  they  could  be  at  present.  ^ 
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We  have  now  brought  the  1 
recent  date,  geologically  speaki 
in  what  is  usually  called  Pre-h 
describe  the  relics  of  the  earlj 
islands  belongs  rather  to  the 
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anj  riolent  cataclyHm,  or  bj  a,aj  event  vhich  caused  a 
Budden  destruction  of  the  Pleistocene  world,  and  prepared 
a  new  surface  for  the  occupation  of  Mankind,  for,  as  we 
have  seen,  Man  was  contemporaneous  witli  tlie  extinct 
Pleistocene  animalB,  and  their  extermination  was  probably 
in  great  part  due  to  his  agency.  The  present  tune  is  to 
all  intentfl  and  purposes  a  part  of  Pleistocene  time,  and  it 
is  as  illi^cal  to  separate  them  in  a  geolc^cal  treatise  as  it 
is  to  separate  the  Pleistocene  from  the  Pliocene  under  such 
names  as  Post-Tertiary  or  Quaternary. 


i 
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A,  Devonian  Rocke  of  South  Devon. 

An  eicellent  resume  of  the  South  Devon  euccession,  so 
far  as  it  is  known,  is  given  by  Mr.  TJasher  in  the  "  Pro- 
ceedings of  the  Geologists'  Association,"  vol.  viii.,  with 
the  following  comparison  of  the  series  foimd  near  Ply- 
mouth with  that  established  hy  Mr.  Ghampernowne  near 
Torquay  :— 


Plymonth  Type. 

A.  FieklecombeandStaddnn  grits 

which  u-e  faulted  against  B. 
BO  that  Nime  beds 
bably  misaing  here. 

B.  Green  alatei  of  Baine  Hetd. 

C.  Lilac   and   grey   slates,  with 

local  tab- bed*. 


Torquay  Type, 
r.  Cockineton   Beds— purple  and 

grey  grita  and  slates. 
6,  Berry  Park  Beds— bluish  and 

dark  olive  slaty  shales. 
5.  Ramsleigh  limestone. 

'  Dartmouth  slalea— greenish. 
4,  Ashprington    series  —  diaba.'iic 

tuna  and  lavas  intentratilied 

wilJi  slates. 
3.  StringocephaluB    limestone    of 

Torquay,  Ogwell,  and  Chud- 

leigh. 
3.  Purple  and  greenish  slates, 
la.  Red  grits  of  Liacombe  and 

Warberry  Hills. 
1.  Mead  foot  Beds — grey  grits  and 

The  correlation  of  these  groups  with  those  of  North 
Devon  is  very  difficult,  because  they  are  less  fossiliferous. 
and  their  litbologicat  characters  are  less  sharply  contrasted 

'  The  positioD  of  these  slates  is  doubtful. 
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than  those  of  the  North  Devon  groups ;  but  the  following 
correlation  is  suggested : — 


No.  7  =  Pickwell  Down  grits, 

No.  6  =  ? 

No.  5  is  a  locftl  limestone, 

Dartmouth  slates  =  Morte  slates, 

No.  4^ 

No.  3  \-  Ilfracombe  series, 

No.  2j 

No.  la  =  Hangman  grits, 

No.  1  =  Lynton  Beds, 


Upper  Devonian. 


Middle  Derouian. 


}  Lower 


Devonian. 


B.  Pliocene  Beds  in  Kent. 

The  age  of  the  beds  referred  to  at  the  top  of  p.  496  was 
for  a  long  time  uncertain.  They  consist  of  sand  with  thin 
layers  of  ferruginous  sandstone  containing  casts  of  shells, 
and  they  lie  in  patches  along  the  North  Downs  of  Kent 
and  Surrey,  at  elevations  of  over  600  feet.  They  were 
first  described  by  Professor  Prestwich  in  1867,  who  re- 
ferred them  to  the  Pliocene  period,  though  few  of  the 
fossils  then  found  could  be  identified  with  any  certainty. 
Quite  recently  ^  they  have  been  examined  by  Mr.  C.  Eeid 
of  the  Q-eological  Survey,  who  l^^s  been  able  to  identify  a 
larger  number  of  fossUs,  and  finds  that  out  of  24  species 
two  or  three  are  Miocene  forms,  and  the  rest  are  Pliocene 
forms,  the  whole  faima  having  a  southern  aspect,  like  that 
of  the  Coralline  Crag.  He  considers  the  beds  to  be  of  older 
Pliocene  age ;  among  the  fossils  are  Terebratula  grandis, 
Astarte  Basteroti,  Cardita  senilis,  Pectunculus  glycim^ris, 
Turritella  incrassata,  and  Pyrula  reticulata. 


^  See  "  Nature"  for  August,  1866,  p.  341. 


^  BBERLETHiUa,Tx>clisof,llS. 
k  Aberdeen  coMt,  boiUder«lay 

of,  547. 
Aberyatwith  grili,  122. 
Abietitei,  376. 
AcuithodeSi  MS. 
AcaDthopholis,  370. 
Acer,  439, 4B9. 
Aecroiherinii],  489,  490. 
Acermlaria,  113,  113, 115,  Ul. 
Ach&tina,  46S. 
Acrodiu,  261. 
Acrolepia,  E33. 
AcToealeni*,  296,  339. 
AcroitichuiD,  43B. 
Adsonina,  397. 
Actiuocenu,  113. 
Actioocrinns,  116,  169, 173. 
ActinoEoa,  nnge  of,  34,  86. 
AdapU,  461. 
Adtlocrinai,  169. 
Xgiian,  86. 
.SthopbjUiim,  !61. 
AgDOBCus,  62,  87.  . 
Alark,  397,319. 
Albertis,  361.         ' 
Albien,  367, 433.     ; 
Aldboroogh,  sectioij  nekr,  S06. 
Aldeb;  beds,  505.    I 
Alethopterie,  174,  I!^^. 
Alligator,  436.  i 


Alans,  43S. 
Alps,  date  of,  4B5. 
Alps,  HoluM  of,  474. 
Alps,  Triu  of,  283. 
Alieolilea,  112,  113, 141,  168. 
Alveolina,  436. 
A]nberle7a,297, 303. 
AmbllCheriam,  343. 
AmbljrpteniB,  233,  339. 
Ambonycbia,  87. 
America,  Archsan  neks  of,  53. 
America,  Cambrisa  of,  77, 
Ammoniles,  260,  962,397,  39S.3I9, 

336,  339,  340,  371,  397,  398,  400. 
Amphibis,  lirat  appearance  of,  26, 

ISO. 
Amphilestes,  321. 
AmpbitberiQi)],  331,  326. 
Amphitr«f«las,  461. 
Amphicjon,  469. 
AmplexuB,  168. 
Ampjx,  86. 
Anabacis,  S19,  321. 
AoanchjCes,  370,  401. 
AncbitlisrimD,  461,  489. 
Ancbilophus,  437. 
Ancillaria,  436,  442. 
AiiC7locer>s,371,373. 

Angelinft,  63. 
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Anglesej,  rocks  of,  49,  191. 

Ang^lesey,  glaciation  of,  431. 

Annularia,  177. 

Anomopteris,  261. 

ADopoIenus,  62. 

Anodonta,  146,  199,  321. 

Anoplotherinm,  461,  462,  464. 

Anthracosia,  178. 

Antfaraoomya,  178. 

Anthraooptera,  178. 

Anthracosaurus,  180. 

Anthracotheriiun,  462. 

Antrim,  section  through,  420. 

Antrim,  basalt  of,  454. 

Apiocrinus,  321. 

Apiocjstites,  112. 

Aporrhais,  370,  373,  376,  397. 

Aptten,  367,  394,  395. 

Aquitanien,  494. 

Aralia,  438,  439. 

Arancaria,  438. 

Araucarioxjlon,  178. 

Arbroath  flags,  154. 

Area,  296,  372. 

Archaean  rocks,  4,  6,  43. 

Archfieocidaris,  169. 

Archegosaarus,  180. 

Arctocyon,  437. 

Arctic  freshwater  bed,  519. 

Areca,  438. 

Arenicolites,  62. 

Arenig  series,  84,  88,  92,  94. 

Arionellus,  62. 

Argillomis,  436. 

Argyll,  Duke  of,  on  leaf-beds,  455. 

Arran,  rocks  of,  204. 

Arvicola,  499,  600,  615. 

Arvonian  group,  46. 

Asaphus,  63,  86. 

Ascoceras,  113. 

Ashdown  sand,  380. 

Aspidura,  264,  296. 


Aspidorhyncns,  343. 

AsUrte,  296,  340,  498. 

Asterophyllites,  177. 

Astropecten,  296. 

Astroceenia,  296. 

Atherfield  clay,  380,  383,  387,  388. 

Athyris,  112,  168. 

Atlantic  Ocean,  continent  in,  224, 
252. 

Atrypa,  113,114,  115. 

Aturia,  436,  441. 

Auchenaspia,  113. 

Aniacooeraa,  260,  262. 

Aulacophyllnm,  112. 

Aulophyliom,  168. 

Austria,  Miocene  of,  494. 

Auvergne,  rocks  of,  472, 484,  511. 

Avellana,  370. 

Aveline,  W.,  on  eqairalent  of  the 
Aymestry  limestone,  128. 

Aveline,  W.,  on  Trias  near  Notting- 
ham, 238. 

Avicula,  169,  234,  262,  321,  397. 

Aviculopecten,  168, 171. 

Axinus,  168,  234. 

Aymestry  limestone,  110, 120. 

Ayrshire,  rocks  of,  204,  247,  249. 

Azoic  rocks,  4, 5,  43. 

Bactrites,  143,  2^2, 

Baculites,  370.     j 

Baggy  beds,  2171 

Bagshot  sands,  4147,  450. 

BaUy,  W.,  on  ILlandeilo  Beds  of 

Ireland,  101.  j 
Bakevellia,  234,7235. 
Bala  series,  89,  ^93. 
Bala  limestone,  l|94. 
Balanophyllia,  ^^136, 498. 
Balaenodon,  49ffi. 
Ballantrae  rocl<  a,  98. 
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Balljmoiiej  shales,  102. 

Bannisdale  slates,  127. 

Baphetes,  180. 

Bargate  stone,  384. 

Barnwell,  rirer  deposits  of,  551. 

Barr  limestone,  119. 

Barrande,    Dr.    J.,   on    Bohemian 

rocks,  76, 133. 
Barrois,  Dr.  C,  on  the  Chalk  of 

England,  406,  409,  410,  418,  419. 
Barrois,  Dr.  C,  on  Chalk  of  Ireland, 

421. 
Barrois,  Dr.  C,  on  Chalk  of  France, 

423. 
Barrois,  Dr.  C,  on  Upper  Green- 
sand,  408. 
Barton  claj,  452. 

Basalt-plateau  of  Antrim,  420,  454. 
Basement  claj  of  Holdemess,  527. 
Belemnites,    260,    297,    338,    339, 

371. 
Belemnitelia,  370,  398,  400,  403. 
Belemnoteathis,  338. 
Belotenthis,  297. 
Belgium,  rocks  of,  76, 162,  456, 473, 

609. 
Belodon,  261. 
Belinurus,  180. 
Belosepia,  436. 
Beloptera,  436. 
Bellerophon,  63,  64,  86,  142,  170, 

171. 
Belt,  Mr.  T.,  on  Lingula  flags,  65, 

69. 
Belts  of  vegetable  life,  10. 
Bembridge  beds,  469. 
Bemician  series,  197. 
Berwjn  HQIs,  93, 125. 
Beryx,  370. 
Bejrich,  Professor,  on    Oligocene, 

460. 
Beyrichia,  72, 180. 


Bison,  515. 

Birds,  first  appearance  of,  26,  414. 

Blackpool,  section  near,  530. 

Blackdown  beds,  408. 

Blackheath  beds,  445. 

Blake,  Profetoor  J.  F. ,  on  Kimeridge 

clay,  345,  353. 
Blake,  Professor  J.  F.,  on  Portland 

beds,  347,  348. 
Blake,  Prufessor  J.  F.,  on  Coral 

Rag,  354. 
Blake,  Professor  J.  F.,  on  Yorkshire 

chalk,  418,419. 
Bohemia,  ArchsBan  rocks  of,  64. 
Bohemia,  Cambrian  rocks,  76. 
Bohemia,  Silurian  rocks,  133. 
Bonney,  Professor  T.  G.,  on  Ar- 
^  chffian  rocks,  48,  49,  50,  51,  52. 
Bonney,  Professor  T.  G.,  on  Bala 

felstones,  105. 
Bonney,  Professor  T.  G.,  on  origin 

of  Triassic  pebbles,  288,  289. 
Borrowdale  series,  97. 
Bos,  500,  512,  613. 
Bosoombe  sands,  452. 
Bourgeticrinus,  401. 
Bournemouth  beds,  452. 
Boulder-days,  618,  520, 524,  563. 
Boulder-clays,  formation  of,  563. 
Borey  beds,  453. 
Box-stones,  501,  503. 
Brachiopoda,  range  of,  25. 
Bracklesham  beds,  451. 
Brachyphyllum,  321. 
Brachymetopus,  169. 
Brachiolites,  370. 
Bradford  clay,  323,  324,  327. 
Brathay  flAgs,  127. 
Breaks,  palaeontological,  31. 
Breaks,  stratigraphical,  33. 
Brent  Tor,  rocks  of,  218. 
Bristol  coalfield,  184,  185. 
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Bristol  Channel,  an  old  valley,  567. 
Bristow,  Mr.  H.  W.,  on  Furbeck 

beds,  349. 
Bristow,  Mr.  H.  W.,  on  Wealden 

beds,  386. 
Bristow,  Mr.  H.  W.,  on  geology  of 

Isle  of  Wight,  427,  428. 
Brockram,  246. 
Brockenhnrst  beds,  468. 
Brodic,  Rer.  F.  B.,  on  fossil  insects, 

303. 
Bronteos,  142. 
Bruxellien,  457. 

Bryoxoa,  first  appearance  of,  86. 
Bryograptus,  63. 

Bryce,  Dr.,  on  Scotch  oolites,  333. 
Buckland,Dr.,  on  Kirkdale  Cave,  553. 
Bulimos,  465. 

Balla,  318.  * 

Banter-schiefer,  251. 
Banter-sandstone,  259,  282. 
Bare  valley  beds,  506. 
Barford,  boring  at,  265. 
Barren  Hills,  211. 

C. 

Cffinozoic  rocks,  4,  5,  432. 
Ceesalpina,  438. 

CadeU,  H.  M.,  on  oil  shales,  205. 
Cainotheriam,  461. 
Caithness,  rocks  of,  154. 
Calamites,  141,  174,  176,  233. 
Calcareoas  grits,  344,  355. 
Calcaire  de  la  Beance,  471,  472. 
Calcaire  de  St.  Ouen,  471. 
Calcaire  Grossier,  468. 
Calceola,  141,  142. 
Calciferons  sandstone,  202. 
Callaway,  Dr.  C.,on Arduean  rocks, 

50,  63. 
Callaway,    Dr.    C,   on    Cambrian 

rocks,  69,  70,  71,  79. 


Callaway,  Dr.  C,   on  OrdoriciaB 

rocks,  95. 
Callipteris,  233. 
Callitris,  438. 
Calymene,  89,  92,  ,116. 
Camarophoria,  142,  168, 233, 235. 
Cambridge,  greensand  of,  413. 
Cambridge,  chalk  of,  411. 
Cambridge,  bonlder-clay  of,  522. 
Cambridge,  river-gravels  near,  561. 
Cambridgeshire,    section    througli, 

411. 
Cambrian  system,  57. 
Campil  shales,  284. 
Cancellaria,  436. 
Canis,  500,  514,  616. 
Caprina,  370. 
Caprotina,  370. 
Caprovis,  500. 
Caradoc  sandstone,  95. 
Carboniferoos  system,  166. 
Carboniferoos  slate,  214. 
Carboniferoos  limestone,  166,  184, 

187,  189,  191,  193,  200,  203. 
Cardiaster,  370. 
Cardinia,  168,  296. 
Cardiola,  113,  116. 
Cardiola  schists,  133. 
Cardiomorpha,  171. 
Cardito,  260, 442. 
Cardiam,  296,  341,371,  397,  498. 
Carlisle,  Trias  near,  278. 
Carpinus,  438. 
Carstone,  393,  394. 
Caryophyllia,  370. 
Caryocystites,  97. 
Cassia,  438. 
Cassianella,  262. 
Castor,  499,  516. 
Caulopteris,  141. 
Cave  deposits,  562. 
Celastros,  438. 
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Cement  stone  group,  205,  209. 

Cenomanien,  367,  423. 

Cephalaspis,  113, 143. 

Cephalites,  370. 

Cephalopoda  bed,  306,  322, 324. 

Ceratites,  260,  262,  263. 

Ceratodtu,  261. 

Cerithium,  297,  339,  341. 

Ceromja,  296. 

Cerrus,  496,  497,499,  500, 512, 514, 

515. 
Ceteosaurns,  322,  336, 377. 
Cha]k,divi8ion8of  the,  396, 405,  409, 

417. 
Chalk,  fossils  of  the,  398-402. 
Chalk-rock,  4.09,415. 
Chalky  boulder-claj,  619,  625. 
Champemowne,  Mr.,  on  Devonian, 

147,571. 
Charnwood,  rocks  of,  51. 
Chatham,  boring  at,  380. 
Cheirodus,  170. 
Cheirurus,  142. 
Chelone,  343,  377. 
Chemnitzia,  260,  297. 
Cheshire,  Trias  of,  276. 
Cheshire,  Glacial  beds  of,  528. 
Cheshunt,  boring  near,  369. 
Cheviot  Hills,  rocks  of,  152,  160. 
Cheviot  Hills,  glaciation  of,  540. 
Chillesford  beds,  505. 
Chloritic  marl,  404,  409. 
Chceropotamus,  461. 
Choetetes,  87. 
Chonetes,  112,  168. 
Cidaris,  260,  296,  336,  398,  400. 
Cinulia,  370. 
Ciply,  chalk  of,  424. 
Cirrus,  318. 
Cladodus,  170. 
Cladyodon,  261. 
Clacton,  freshwater  beds  at,  550. 


Clathropteris,  261. 

Cleidophorus,  142. 

Climacograptus,  86,  87,  113. 

Clisiophyllum,  112,  168. 

Close,  Rev.  M.,  on  glaciation  of  Ire- 
land, 534. 

Clunian  series,  110,  120,  123,  126, 
128,  129,  131,  133. 

Clyde,  glacial  clays  of  the,  547, 

Clymenia,  143,  144. 

Clypeus,  318. 

Clypeus-grit,  325. 

Coal-measures,  fossils  of,  174. 

Coal-measures  of  England,  186, 187, 
191,  192,  195,  199,201. 

Coal-measures  of  Ireland,  210. 

Coal-measures  of  Scotland,  206. 

Coal-measures,  geographical  condi- 
tions during  formation  of,  226. 

Cochliodus,  170. 

Coccosteus,  143. 

Coelacanthus,  170. 

Coelenterata,  range  of,  24. 

Coenograptus,  88,  89. 

CoUieston,  section  at,  547. 

Collyritcs,  318. 

Coldwell  beds,  127. 

Columbella,  498. 

Congerian,  495. 

Conifers,  Carboniferous,  1 78. 

Coniferse,  Triassic,  261. 

Coniferse,  Jurassic,  321,  343. 

Coniferae,  Cretaceous,  376. 

Coniston  grits,  126,  127. 

Coniston  limestone,  97. 

Conocoryphe,  62. 

Conocardium,  168. 

Conophrys,  73. 

Conus,  436. 

Connemara  marble,  75. 

Conularia,  86,  116. 

Contorted  Drift,  520. 
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Coralliaii  group,  344,  352,  364,  356. 

Coralline  Crag,  487,  501. 

Corax,  399. 

Corbicula,  501. 

Corbis,  372. 

Corbtila,  142,  374,  442. 

Cornbrash,  317,  323,  325,  329,  331. 

Cornwall,  rocks  of,  62,  55,  160. 

Cornstone  seriea,  150. 

Cornet  and  Briart,  on  Trias,  285. 

Correlation  of  rocks,  27. 

Corton  grit,  122. 

Corjlns,  439. 

Corjpbodon,  436. 

Ootteswold  Hills,  rocks  of,  307. 

Cotentin,  Faluns  of  the,  493. 

•Cotentin,  Pliocene  of,  509. 

Crag,  Coralline,  487,  501. 

•Crag,  Norwich,  487,  506. 

Crag,  Red,  487,  502. 

•Crag,  Weyboum,  507,  508. 

Crania,  401. 

Crassatella,  440. 

Crepidala,  370. 

Cretaceous  system,  366. 

Crich  Hill,  section  through,  195. 

Crioceras,  370. 

Crinoidea,  appearance  of,  61. 

Croaghmarhin  beds,  131. 

Crocodiles,  first  appearance  of,  26, 

261. 
Crooodilus,  436. 

CroU,  Dr.,  on  Glacial  epoch,  660. 
Croll,  Dr.,  on  the  Gulf  Stream,  562. 
Cromer  Till,  519. 
Cross,  Bev.  J.  E.,  on  the  Lias  of 

Lincolnshire,  310. 
Crotalocrinus,  112,  116. 
Crustacea,  range  of,  24. 
Cruziana,  62. 
Cryptosaurus,  336. 
Ctenodus,  170. 


Ctenodonta,  64,  87, 113,  142. 
Cuculhea,  142,  168,  169. 
Cucullella,  113. 
Culm-measures,  215. 
Cupreasus,  438. 
Cupressocrinus,  142,  169. 
Curtonotus,  142,  169. 
Cjathina,  370. 

Cyathocrinus,  112,  116,  142, 169. 
Cyathophyllum,  112,  113,  141, 168. 
Cycadite8,32I,330. 
Cyclocyathus,  397. 
Cydopteris,  174. 
Cyclonema,  87, 116,  117. 
Cylindrites,  168. 
Cyphaspis,  112. 
Cyprsea,  436. 
Cypridea,  341,  376,  382. 
Cyphosoma,  370. 
Cyrena,321,  343,377. 
Cyrtia,  116. 
Cyrtina,  142. 
Cyrtograptus,  112, 113. 
Cyrtotheca,  62. 
Cyrtoceras,  64,  113,  114,  143. 
Cystidea,  appearance  of,  61. 
Cystiphyllum,  112,  141. 
Cytherea,  442. 

D. 

Dadocrinns,  262. 

Dadoxylon,  178. 

Dakosaurus,  335. 

Danien  stage,  367,  424. 

Dapedius,  297. 

Dapbnogene,  438. 

Darwin,  Dr.  C,  on  origin  of  spe* 

cies,  17,  18. 
Darwin,  Dr.  C.,on  deposition  daring 

subsidence,  22. 
Dasomis,  436. 
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Dayid,  J.  W.  £.,  on  glacial  pheno- 
mena,  533. 

Daries,  D.  C,  on  Coal-measures  of 
North  Wales,  192. 

Dawkins,  Professor  W.  B.,  on  Eo- 
cene mammals,  437. 

Dawkins,  Professor  W.  B.,  on  Mio- 
oene  mammals,  491. 

Dawkins,  Professor  W.  B.,  on  the 
Pleistocene  fUuna,  511,  512,  567. 

Dawkins,  Professor  W.  B.,  on  Mio- 
cene land,  556. 

Dean,  forest  of,  182,  184. 

Deelej,  R.  M.,  on  Pleistocene  beds, 
523. 

Deiphon,  112. 

De  la  Beche,  Sir  H.,  on  Silurians  at 
Builth,  123. 

De  la  Beche,  Sir  H.,  on  Carbonife- 
rous rocks,  184. 

De  la    Beche,  Sir    H.,  on    raised 
beaches,  552. 

De  la  Beche,  Sir  H.,  on  Triassic 
lavas,  282. 

Denbigh  grits,  124. 

Denbigh,  Carboniferous  rocks   of, 
189. 

Dendrerpeton,  180. 

Dendrocrinus,  61,  63. 

Dendrospongia,  397. 

DendrophjUia,  436. 

Dentalium,  168,  397. 

Derbyshire,  rocks  of,  190,  192,  219. 

Devonian  system,  137,  571. 

Devonshire,  rocks  of,  139,  146, 160, 
216,  268,  408,  453,  571. 

DiceUograptus,  86,  87. 

Diceras,  370, 395. 

Dicmnograptus,  86,  87. 

Dictyonema,  62,  63. 

Dichobune,  437,  461, 464. 

Dichodon,  461. 


Didelphys,  436. 

Didymograptus,  86. 

Diestien  beds,  501,  503,  509. 

Dimetian  group,  46. 

Dimorphosoma,  370. 

Dingle  beds,  131,  156. 

Dinosauria,  appearance  of,  26,  261. 

Dinosauria,  Jurassic,  322,  336,  361. 

Dinosauria,  Cretaceous,  369. 

Dinotherium,  489,  490,  491. 

Diplacanthus,  143. 

Diplograptus,  86,  113. 

Diplodus,  170. 

Diplodonta,  436. 

Dipterus,  143. 

Dipteronotus,  261. 

Diprotodon,  518. 

"  Dirt  Beds,"  349,  350. 

Discina,  62,  340. 

Dlscoidea,  370,  398. 

Ditrupa,  442. 

"  I>ogger,*'  the,  330. 

Dolabra,  168. 

Dolomite  Mountains,  283. 

Dolomitic  conglomerate,  270. 

Dollfuss,  M.,  on  Fontainebleau  sand- 
stone, 472. 

Dollfuss,  M.,  on  Faluns  of  Nor- 
mandy, 493. 

Doratorhyncus,  343. 

Dorcatherium,  461. 

Dorsetshire,  rocks  of,  305,  322,  408. 

Downes,  Rev.  W.,  on  Blackdown 
beds,  408. 

Downton  sandstone,  110,  120. 

Dromilites,  436. 

Drumlins,  541. 

Dryandra,  438. 

Dryopithecus,  490. 

Dudley,  Silurian  of,  118,  119. 

Duflon  shales,  97. 

Dura  Den,  Old  Red  Sandstone  of,  154. 
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Durness,  rocks  of,  96,  100. 

Dumont,  M.,  on  Gr^s  de  Fontalne- 
bleaa,  472. 

Dumont,  M.,  on  Faluns  of  Nor- 
mandy, 493. 

Djas,  230. 

E. 
East  Anglia,  Glacial  beds  of,  519. 
Echinobrissus,  318. 
Echinooonus,  370. 
Echinooorys,  370. 
Echinocyamus,  497,  498. 
Echinodermata,  range  of,  24. 
Echinoencrinus,  112. 
Echinosphserites,  87. 
Edaphodon,  370. 
Edge-coal  group,  206,  209. 
Edmondia,  168. 
Eifel,  Devonian  of,  162. 
Elais,  438. 

Elephas,  496, 497,  498,  612,  514. 
Emmons,  Dr.,  on  Taconic  system, 

77. 
Emarginula,  318. 
Enallocrinns,  112. 
Encrinus,  260,  262, 263,  264. 
English  Channel  formerly  a  ralley, 

567. 
Endogenites,  376. 
Enoploclytia,  370. 
Eocene  series,  d6,*432. 
Eocene  geography,  476. 
Equus,  499,  514. 
Equisetum,  261,  264. 
EriboU  district,  100. 
Erinnys,  62. 
Erosion  of  valleys,  566. 
Eryma,  296. 
Eryon,  296. 
Eskers,  538,  543,  544. 
Estheria,  180,  376. 


Estuarine  beds  of  Jurassic  age,  326, 

327,  330,  332,  333. 
Etheridge,  Mr.   R.,    on  Cambrian 

rocks,  59. 
Etheridge,  Mr.  K.,  on  relations  of 

the  Arenig  fauna,  84. 
Etheridge,  Mr.  R.,  on   Devonian, 

147. 
Eucalyptus,  438. 
Eucyclus,  297. 
Eugnathus,  297. 
Euomphalus,   115,   116,    142,   168, 

171,  172. 
Europe,  Archiean  rocks  of,  54. 
Europe,  Cambrian  rocks  of,  76. 
Eurypterus,  112,  116,  142. 
Evolution,  theory  of,  23. 
Exogyra,  340,  373,397. 
Extracrinus,  296. 
Extinction  of  species,  23. 

F. 

Fagus,  438,  439. 

Faluns,  486,  492. 

Faringdon  beds,  389. 

Favosites,  113,  141,  168. 

Faxoe  limestone,  424. 

Felis,  497,  499,  B15. 

Fenestella,  87,  233,  235. 

Ficus,  438. 

Fintona  beds,  165. 

Fittou,  Dr.,  on  Lower  Greensand, 

387. 
Fish,  first  appearance  of,  26,  113. 
Fisher,  Rev.    O.,  on  Bracklesham 

beds,  451. 
Flabellaria,  438,  465. 
Flintshire,  rocks  of,  191. 
Fluviomarine  Crag,  606. 
Folkestone  beds,  380,  385. 
Fontainebleau  sandstone,  472, 
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Forbes,  Professor  E.,  on  the  term 

Neozoic,  4,  257. 
Forbes,  Professor  £.,  on  belts  of 

marine  life,  10. 
Forbes,   Professor  E.,  on    generic 

centres,  17. 
Forbes,  Professor   E.,  on  drowned 

insects,  304. 
Forbes,  Professor  E.,  on  Purbeck 

beds,  349. 
Forbes,    Professor    E.,    on   Lower 

Greensand.  427. 
Forbes,  Professor   E.,  on  Headon 

beds,  469. 
Forbes,  Professor   £.,  on  Miocene 

fossils,  492. 
Forest  marble,  317,  322,  324. 
Forest  Bed  of  Norfolk,  507,  558. 
Fossils,  use  of,  3,  30. 
Fossils,  embedding  of,  18. 
Fossiliferous  deposits,  20. 
France,  Cretaceous  of,  395,  423. 
France,  Eocene  of,  457. 
France,  Oligocene  of,  471. 
France,  Pliocene  of,  510, 
Frenela,  438. 

Fuller's  earth,  317,  322,  324,  384. 
Fusus,  440,  496. 

G. 

Gala  beds,  129. 

Galerites,  370,  400,  401. 

Galecjnus,  494. 

Galloway,  glaciers  of,  539,  540. 

Galway,    Palseozoic   rocks   of,    74, 

102. 
Galway,  drift  of,  537. 
Grannister  beds,  195,  199. 
Garth  grit,  92. 
Gardner,  J.  S.,  on  Eocene  plants, 

438,  439. 


Gardner,  J.  S.,  on  Eocene  beds, 
450,  451,  453. 

Gardner,  J.  S.,  on  Lough  Neagh 
beds,  455. 

Gardner,  J.  S.,  on  Hantonian  geo- 
graphy,  477,  478,  479. 

Garonne,  faluns  of  the,  493. 

Gasteropoda,  appearance  of,  25,  86. 

Gaudry,  M.,  on  Pikermi  beds, 
491. 

Gault,  366,  397,  403,  407,  412. 

Geikie,  Dr.  A.,  on  evolution,  18. 

Geikie,  Dr.  A.,  on  Archsean  rocks, 
44,  45,  75. 

Geikie,  Dr.  A.,  on  Old  Bed  Sand- 
stone, 152,  161. 

Geikie,  Dr.  A.,  on  Calciferous  sand- 
stone, 205. 

Geikie,  Dr.  A.,  on  volcanic  rocks, 
220,  455. 

Geikie,  'Dr.  A. ,  on  Glacial  pheno- 
mena, 543,  544. 

Geikie,  Professor  J.,  on  the  Great 
Ice  Age,  542. 

Geinitz,  Professor,  on  Trias  of  Ger- 
many, 282. 

Generic  centres,  17. 

Geological  record,  imperfection  of, 
18. 

Germany,  Dyas  of,  250. 

Germany, *Trias  of,  282. 

GervUia,  260,  262,  263,  372,  374. 

Gigantosaurus,  336. 

Girvan,  rocks  of,  128,  129. 

Glacial  deposits,  51 1,  518. 

Glacial  epoch,  cause  of,  559. 

Glengariff  grits,  131,  137,  156,  215. 

Glenkiln  shales,  98. 

devonian,  316. 

Glossodes,  170. 

Glossopteris,  321. 

Glossograptus,  86. 
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Olycimeris,  436. 

Glyphsefi,  296. 

GlyptftFca,  64. 

Gljptoetrobns,  438,  439. 

GlyptocrinuB,  87. 

Glyptopomus,  143. 

Glyptodon,  518. 

Godoya,  438. 

Gomphocens,  113,  116. 

Goniaster,  401. 

Goniatites,  143, 169,  173. 

GoniophyUam,  112. 

Goniomya,  296,  339. 

Goniopholifl,  335,  342. 

Groodchild,  J.  G.,  on  the  Dyas  of 
Cumberland,  245,  246. 

Goodchild,  J.  G.,  on  Glacial  phe- 
nomena,  541. 

Groodchild,  J.  G.,  section  across  the 
Lake  district  by,  96,  223. 

Gosselet,  Professor,  on  the  Psani- 
mite  de  Condros,  162. 

Grammysia,  113,  116. 

Gravels  of  the  Cam,  550. 

Grayels  of  the  Thames,  549. 

Great  Oolite,  317. 

Green,  Professor  A.    H.,  on    the 
Carboniferous  series,  167,  196. 

Green,  Professor  A.  H.,  on  the  Car- 
boniferous sea,  224. 

Gresslya,  296. 

Grevillea,  438. 

Greensand.    See  Lower  and  Upper. 

Griffithides,  169. 

Grinstead  clay,  381. 

Groden  sandstone,  284. 

Gryphsea,  296, 336,  397. 

Gulf  Stream,  course  of,  in  the  Gla- 
cial period,  562. 

Gulo,  500,515. 

Guttenstein  beds,  284. 

Gyroporella,  262. 


•    H. 
Halcyomis,  436. 
Haldon  beds,  408. 
Halitherium,  496,  497. 
Halobia,  260. 
Hamites,  370,  419. 
Hampshure  basin,  433,  448. 
Hampshire  basin,  section  through, 

449. 
Hangman  grits,  146. 
Hantohian  system,  36,  432. 
Harlech  group,  64,  68. 
Hartfell  shales,  97. 
Hartshill  quartzite,  72. 
Headon  beds,  467,  482. 
Hubert,  Professor,  423,  456,  457. 
Hebrides,  rocks  of  the,  45,  312. 
Heersien  stage,  456. 
Helix,  303,  364. 
Heliolites,]13, 141,  168. 
Helladotherium,  491. 
Helvetian  group,  493. 
Hemiaster,  370,  397. 
Hemiaspis,  112,  116. 
Hemicidaris,  318, 320. 
Hemipneustes,  370. 
Hemipedina,  296. 
Hempstead  beds,  470,  483. 
Hessle  clay,  526,  527. 
Heterohyus,  437. 
Hexacrinus,  142. 
Hibernian  greensand  ,421. 
Hicks,  Dr.  H.,  on  Archaean  rocks, 

44,  46,  48,  49. 
Hicks,  I>r.  H.,  on  Harlech  beds,  64. 
Hicks,  Dr.  H.,  on  early  life,  81. 
Hicks,  Dr.  H.,  on  Llandeilo  beds, 

89. 
Hicks,  Dr.  H.,  on  caves  in  North 

Wales,  553. 
Hicks,  Dr.  H.,  on  glacial  striae  in 

Pembrokeshire,  533. 
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Hill,  Rev.  E.,  on  Charnwood  rocks, 
51. 

HUI,    W.,    on    the    Chalk,     405, 
414. 

Hinde,  Dr.  J.,  on  sponge  banks, 
385,404. 

Hinnites,  296. 

Hippopotamus,  496,  499. 

Hipparion,  490,  497. 

Hippurites,  370. 

Himant  limestone,  93. 

Holaster,  370,  397,  398,  400. 

Holl,  Dr.,  on  Malvern  rocks,  73. 

Holl,  Dr.,  on  South  Devon,  147. 

Holdemess,  boulder-clays   of,  526, 
627. 

Holectypus,  318. 

Holopea,  87. 

Holopella,  116. 

Holocjstis,  370. 

Holoptychius,  143,  170. 

Holmes,  T.  V.,  on  the  Dyas,  246. 

Hohnes,  T.  Y.,  on  the  Trias,  278, 
279. 

Hollybush  sandstone,  71,  73,  60. 

Homalonotus,  115,  116,  142. 

Homotaxis,  27,  29. 

Hoploparia,  370. 

Home,  J.,  on  Archaean  rocks,  44. 

Home,  J.,  on  Carboniferous  lime- 
stone, 201. 

Home,  J.,  on  geology  of  Suther- 
land, 76,  100. 

Home,  J.,  on  Old  Red  Sandstone, 
162. 

Home,  J.,  on  Glacial  phenomena, 
640,  642. 

Hordwell  sands,  452. 

Howse,   Mr.,  on  flints  in  Boulder- 
clay,  543. 

Hudleston,  Mr.  W.,  on  Coral  Rag, 
344. 


Hudleston,  Mr.  W.,  on  Kimeridge 

clay,  354. 
Hudleston,  Mr.   W.,  on  Kellaway 

rock,  363. 
Hughes,    Professor,    on    Archapan 

rocks,  48. 
Hughes,    Professor,^  on    Cambrian 

rocks,  68. 
Hull,  Professor  £.,  on  Cambrian, 

78. 
Hull,    Professor    E.,    on    Donegal 

rocks,  52. 
Hull,  Professor   E.,  on    Devonian 

rocks,  139. 
Hull,  Professor  E.,  on  Dingle  beds, 

166,  168. 
Hull,  Professor  E.,  on  Carboniferous 

rocks,  213,  221. 
Hull,  Professor  E.,  on  Dyas,  241, 

248,  252,  265. 
Hull,  Professor  E.,  on  Trias,  268, 

278. 
Hull,  Professor  £.,on  plateau  gravel, 

623. 
Hull,  Professor  E.,  on  glaciation  of 

Ireland,  534, 538. 
Hunt,    Dr.    Sterry,    on    Archaean 

rocks,  44. 
Huronian  group,  53. 
Hyaena,  491,  496,  497,  499,  515. 
Hyaenas  in  cave  deposits,  552. 
Hyaenodon,  461. 
Hyaenictis,  491. 
Hyaenarctos,  490. 
Hyboclypus,  318. 
Hybodus,  261,343. 
Hydrobia,  471,  601. 
Hydrozoa,  range  of,  24. 
Hylaeosaurus,  377. 
Hymenocaris,  62. 
Hyopotamus,  461. 
Hyperodapedon,  261. 
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Hyracotherinm,  436,  461. 
Hythe  beds,  380,  383. 

I. 

Ice,  deposits  formed  by,  518. 

Ice-sheets,  542,  563. 

Iceman  system,  36,  486. 

Ichthyocrinus,  112,  116. 

Ichthyosaurus,  297,  299,  301,  335. 

Ictitherium,  490. 

Iguanodon^  336,  370,  376. 

Ilford,  river  deposits  at,  550. 

Ebenus,  87,  116. 

Imperfection  of  the  geological  re- 
cord, 18. 

Inferior  Oolite,  317. 

Inooeramus,  168,  397,  400. 

Insects,  appearance  of,  180. 

Insects,  drowning  of,  304. 

Ireland,  Archaean  of,  52. 

Ireland,  Cambrian  of,  74. 

Ireland,  Chalk  of,  419. 

Ireland,  Carboniferous  of,  209,  221. 

Ireland,  Dyas  of,  247. 

Ireland,  Devonian  of,  140,  155. 

Ireland,  Eocene  of,  454. 

Ireland,  Lias  of,  311. 

Ireland,  Ordovician  of,  101. 

Ireland,  Pleistocene  of,  534. 

Ireland,  Silurian  of,  112, 130. 

Ireland,  Trias  of,  281. 

Iriartea,  438. 

Irving,  Rev.  A.,  on  the  Dyas,  232. 

Irving,  Rev.  A.,  on  Trias,  282. 

Irving,  Rev.  A.,  on  Bagshot  beds, 
447,  448. 

Isastrea,  296,  320,  341. 

Isle  of  Man,  rocks  of,  200,  201. 

Isle  of  Wight,  rocks  of,  385,  407, 
448. 

Isle  of  Wight,  sections  through,  411, 
449. 


J. 

Judd,  Professor,  on  Scotch  Trias, 

279. 
Judd,  Professor,  on  Jurassic  rocks, 

312,  316,  328,  332,  352,  356,  365. 
Judd,  Professor,  on  Punfield  beds, 

388. 
Judd,  Professor,  on  Speeton  clay, 

391. 
Judd,  Professor,  on  Chalk  of  Scot- 

land,  422. 
Judd,  Professor  ,on  Eocene  volcanoes, 

481,  556. 
Judd,  Professor,  on  Oligocene  beds, 

468,  469. 
Juglans,  438. 
.Jukes,  Professor,  on  the  term  Old 

Red  Sandstone,  40. 
Jukes,  Professor,  on    Irish    Cam- 

brians,  74. 
Jukes,  Professor,  on  Llandeilo  flags, 

93. 
Jukes,    Professor,    on    Llandovery 

beds,  108, 122. 
Jukes,  Professor,  on  Devonian,  136, 

216. 
Jukes,  Professor,  on  Carboniferous 

limestone,  211. 
Jukes,  Professor,  on  Carboniferous 

slate,  214. 
Jukes,  Professor,  on  intrusive  dykes, 

219. 
Jukes,  Professor,  on  Swiss  molasse, 

474. 
Jukes,  Professor,  on  the  term  Pleis- 
tocene, 511. 
Jukes,  Professor,  on  submerged  peat- 
beds,  555. 
Jukes,  Professor,  on  Glacial  depo- 
sits, 535,  536,  537,  538. 
Jurassic  system,  292. 
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K. 

Karnes,  543,  544,  548. 

Keeping,  H.,  on  Headon  beds,  467, 

469. 
Keeping,  W.,  on  Brickhill  fossils, 

390. 
Keeping,  W.,  on  Valentian,  122. 
Kellawajs  rock,  344. 
Kendall,  J.  D.,  on  St.  Erth  beds, 

505. 
Kendall,  J.  D.,  on  Glacial  beds,  542. 
Kentish  rag,  363. 
Kentish  Town,  boring  at,  369. 
Kent's  cavern,  553. 
Keuper,  259,  273,  276,  283. 
Kiltorcan  beds,  160. 
Kimeridge  clay,  334,  345,  353, 355, 

356. 
Kinahan,  H.  G.,  on  Carboniferous 

limestone,  211. 
Kinahan,  H.   G.,   on  Irish  Trias, 

281. 
Kinderscout  grit,  164. 
Kirkbj  Moor  flags,  128. 
Kirkdale  Cave,  553. 
Koninckia,  260,  262. 
Kupfer  schiefer,  250. 
Kutorgina,  63,  64. 

L. 

Labechia,  112. 
Labyrinthodon,  261. 
Labjrinthodonts,  appearance  of,  26, 

180. 
Lacerta,  436. 

Lacertilia,  appearance  of,  26,  283. 
Laekenien,  457. 
Lagomys,  515. 
Lakes  of  the  Old  Red  Sandstone, 

152,  164,223. 
Lake  district,  Cambrian  of,  73. 
Lake  district,  Carboniferous  of,  200. 


Lake  district,  Ordovician  of,  97. 
Lake  district,  section  across,  96. 
Lake  district,  glaciation  of,  539. 
Lamellibranchs,  range  of,  25. 
Lamellibranchs,  appearance  of,  61. 
Lamna,  370. 
Lamplugh,  Mr.,  on  Drift  of  Filey 

Bay,  527. 
Lamberton  Hills,  152. 
Lammermuir  Hills,  203,  223. 
Landenien,  457. 
Lapworth,  Pix>fessor,  on  Archaean 

rocks,  44,  52. 
Lapworth,  Professor,  on  the  term 

Ordovician,  58. 
Lapworth,  Professor,  on  geology  of 

the  Highlands,  76. 
Lapworth,  Professor,  on  Graptolite 

zones,  87,  94. 
Lapworth,  Professor,  on  geology  of 

South  Scotland,  98,  100,  128. 
Lapworth,  Professor,  on  the  term 

Valentian,  109. 
Lapworth,  Professor,  on  shale  with 

Cyrtngraptus,  123. 
Laurus,  438,  439. 
Laurentian  rocks,  53. 
Lebour,    G.    A.,     on    geology    of 

Northumberland,  199. 
Leda,  168,  373. 
Leda  myalis  bed,  508. 
Ledbury  shales,  121. 
Lee,  J.  E.,  on  Culm-measure  fi»ssils, 

217. 
Lehman,  Dr.,  on  Archaean   rocks, 

44. 
Leicestershire,  rocks  of,  189,  308. 
Leinster,  coal-field  of,  212,  213. 
Leintwardine  flags,  110,  120. 
Lcperditia,  180. 
Lepidodendron,  141,  177. 
Lepidotus,  297,  343,  377. 


{ 


586 


INDEX. 


Lepidotosannu,  233. 

Leptaena,  87,  302,  306. 

LeptograptOB,  101. 

Lepus,  515. 

Lesmahago,  section  near,  129, 153. 

Lewisian  gneiss,  45. 

Lias,  293,  294. 

Lias,  agones  of  the,  302. 

Libertoo  conglomerate,  1 53,  203. 

Dchas,  87,  116. 

Lickey  Hills,  240. 

Life,  geographical  distribution  of,  9. 

Life-forms,  succession  of,  22. 

Lignites  du  Soissonais,  458. 

Lima,  260,  320,  403. 

Limnteo,  343,  463,  465. 

Limerick,  volcanic  rocks  of,   213, 

221. 
Limestone  gravel  of  Ireland,  535. 
Limulus,  180. 

Lincolnshire  limestone,  328. 
Lincolnshire,  rocks  of,  308,    327, 

353,391,416. 
Lincolnshire,  boulder-clays  of,  524. 
Lincolnshire,  section  through,  393. 
Lingula,  86,  97,  116. 
Lingula  flags,  65,  69. 
Lingulella,  62,  63,  64, 86. 
Linstnemia,  113. 
Litharea,  440,  441. 
Lithoglyphns,  501 . 
Lithostrotion,  168. 
Lithomis,  436. 
Littorina,  168. 
Lituites,  87. 

Llaudeilo  series,  89,  92,  94. 
Llandovery  beds,  95,  108,  110. 
Llanddeiniolen,  section  by,  67. 
Llanvim  group,  89,  92. 
Llansannan  shales,  126. 
L(tgan,  Sir  W.,  on  Archsean  rocks  of 

Canada,  53. 


Loire,  faluns  of  the,  492. 

Lonchopteris,  375. 

London  basin,  433,  443. 

London  clay,  446,  450. 

Longmynd,  section  through,  70. 

Lophiodon,  436. 

Low-Ieirel  Drift,  529,  532,  537. 

Lower  Greensand,  366,  380,  382, 
387, 

Loxonema,  142,  168,  234,  235. 

Loxomma,  180. 

Lncina,  168,  296,  341. 

Ludlow  beds,  110,  120. 

Lutra,  515. 

Lygodium,  438. 

Lyell,  Sir  Charles,  on  deposits  near 
Nice,  287. 

Lyell,  Sir  Charles,  on  Auveigne, 
484. 

Lyell,  Sir  Charles,  on  names  of  Ter- 
tiary series,  36. 

Lyell,  Sir  Charles,  on  faluns  of  Tou- 
raine,  492. 

Lyell,  Sir  Charles,  on  the  Flioceoe 
series,  495. 

Lyell,  Sir  Charles,  on  the  term  Pleis- 
tocene, 511. 

Lynton  beds,  143. 

M. 
Machairodus,  490,  496,  499,  515. 
Maclurea,  86. 
Macrotherium,  490. 
Macrocheilns,  142,  234,  235. 
Mackintosh,  Mr.,  on  Glacial  deposits. 

523,  628,  533,  565. 
Mactra,  498. 
Madrepora,  436. 
Maestricht  chalk,  424. 
Ma  gas,  370,  401. 
Magnesian  limestone,  237. 
Malm  beds,  404. 
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Malrern,  rocks  of,  50,  72,  73,  79, 
118,  119. 

Mammalia,  range  of,  26. 

Mammalia,  appearance  of,  262. 

Mammaliferous  crag,  506. 

Mautell,  Dr.,  on  Tilgate  stone,  381. 

Mantellia,  342. 

March,  estoarine  gravels  of,  551. 

Marcou,  M.  J.,  on  the  term  Dyas, 
230. 

Marcou,  M.  J.,  on  Taconic  series,  77. 

Marginella,  436. 

Marl  slate,  237. 

Marr,  J.  £.,  on  Archaean  rocks,  55. 

Marr,  J.  £.,  on  Cambrian  and  Silu- 
rian rocks,  64. 

Marr,  J.  £.,  on  Llandeilo  flags,  89. 

Marr,  J.  £.,  on  Valentian  series, 
109,  122. 

Marr,  J.  £.,  on  Silurian  of  Lake  dis- 
trict,  127. 

Marr,  J.  £.,  on  Silurian  of  Scan- 
dinavia, 132. 

Marr,  J.  K,  on  Silurian  of  Bohemia, 
133. 

Marsupites,  370,  401. 

Marsupiocrinus,  112. 

Martes,  500,  514. 

Marwood  sandstone,  217. 

Mastodon,  489,  496,  497,  499,  513, 
515,516. 

Mastodonsaurus,  261. 

Majence  beds,  493. 

May  Hill  sandstone,  108,  1 10. 

May  Hill,  Silurians  of,  119,  121. 

Megalodon,  142. 

Megalichthys,  170. 

Megalosaurus,  297,  322,  336. 

Megalonyx,  518. 

Megatherium,  515,  517. 

Melania,  353,  439. 

Melanopsis,  464. 


Melbonm  rock,  405,  415,  417. 

Meles,  515. 

Melocrinus,  142. 

Mendip  Hills,  rocks  of,  183,  270, 
304. 

Mendip  Hills,  section  across,  27 1. 

Menevian  group,  65,  68. 

Meristella,  113,  114. 

Mersey,  buried  valley  of  the,  529, 
530. 

Mesozoic  rocks,  4,  5,  257. 

Meyer,  C.  J.  A.,  on  Lower  Green- 
sand,  385. 

Meyer,  C.  J.  A.,  on  Punfield  beds, 
386,  388. 

Meyer,  C.  J.  A.,  on  Chalk  of  Devon, 
408. 

Meyer,  C.  J.  A.,  on  Wealden  beds, 
425. 

Mcyeria,  370,  374,  392. 

Michelinia,  168. 

Micraster,  370,  401. 

Micrabacia,  370. 

Microdiscus,  62. 

Microdon,  370. 

Microchcerus,  461. 

Microtherium,  461. 

Microlestes,  262,  264,  304. 

Midford  sands,  306,  308. 

Middlesborough,  borings  at,  239. 

Millepore  beds,  330. 

Miller,  Hugh,  jun.,  on  Carboniferous 
rocks,  202,  207. 

Miller,  Hugh,  jun.,  on   kames  in 
Ross,  548. 

Miller,  Hugh,  jun.,  on  Glacial  depo- 
sits, 539,  541. 

Miller,  Hugh,  sen.,  on  boulder-clay 
of  Caithness,  546. 

Millstone  grit,   166,  186,  188,  191, 
194,201. 

Miocene  series,  36,  486,  487. 


588 


INDEX* 


Miocene  geography,  555. 

Modiola,  169. 

Modiolopsis,  64,  87. 

Moel  Tryfaen,  shells  on,  533. 

Moffat  shales,  129. 

Molasse  of  Switzerland,  474. 

Mollusca,  distribution  of,  12. 

Mollusca,  range  of,  25. 

Molluscoida,  range  of,  25. 

Monotis,  168. 

Monograptus,  112,  113,  114. 

Montien  stage,  456. 

Montlivaltia,  296. 

Moore,  C,  on  Liassic  fossib,  303, 

305,  306. 
Moorstone  rock,  206. 
Moraines,  538,  543,  544. 
Morris,  Professor  J.,  525. 
Morvem,  rocks  of,  280. 
Mortehoe  slates,  147. 
Morton,  G.,  90,  95. 
Mosasaums,  370^  402. 
Monrlon,  M.,  on  Belgian  rocks,  457, 

473. 
Murchison,    Sir    R,  on    Lewisian 

gneiss,  45. 
Murchison,  Sir    R.,  on   the    term 

Silurian,  57,  108. 
Murchison,  Sir  R.,  on  Gal  way  rocks, 

75. 
Murchison,    Sir    R.,    on    Caradoc 

sandstone,  95. 
Murchison,  Sir  R.,  on  Silurian  of 

Shropshire,  109,  110. 
Murchison,  Sir  R.,  on  Titterstone 

Clee,  219. 
Murchison,   Sir  R.,  on    the    term 

Permian,  230,  250. 
Murchison,  Sir  R.,  on  Bunter  schie- 

fer,  282. 
Murchisonia,  142,  144. 
Murex,  436. 


Mus,  500,  515. 

Musa,  438. 

Muschelkalk,  259,  283,  285. 

Mustela,  515. 

Myalina,  168. 

Myacites,  168,  260. 

Mylodon,  515. 

Myophoria,  260,  262,  263,  283. 

Myodes,  515. 

Myogale,  500. 

Mweelrea  series,  131, 132. 

N, 
Nannosuchns,  343. 
Nassa,  498. 
Natica,  171,  172,  262,341,373,397, 

498,512. 
Naticella,  260,  262. 
Nautilus,  169,  234,  263. 
Necrocarcinus,  370. 
Neocomian  group,  367,  393. 
Neolithic  implements,  549. 
Neozoic  rocks,  4,  5,  257. 
Nerinsa,  297,  320. 
Neritopsis,  297. 
Neritina,  464. 
Neseuretus,  63. 
Neuropteris,  174,  176,  261. 
New  Red  Sandstone,  230. 
Newton,    E.   T.,  on    the    Norfolk 

Forest  Bed,  499. 
Niobe,  74. 
Nipa,  438. 

Nolan,  J.,  on  Fintona  beds,  155. 
Nomenclature  of  rocks,  38. 
Norfolk,  Lower  Greensand  of,  394. 
Norfolk,  Chalk  of,  416,  417. 
Norfolk,  Crag  of,  605. 
Norfolk,  Forest  Bed  of,  507,  558. 
Norfolk,  Glacial  series  of,  519. 
Normandy,  crag  of,  492,  510. 
North  Sea  in  Miocene  times,  557. 
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North  Sea  in  Pliocene  times,  557, 

558. 
North  Sea  in  late  Pleistocene  times, 

567. 
Northampton,  borings  at,  265. 
Northampton  sands,  326,  327. 
Northumberland,  rocks  of,  197,208. 
Northumberland,    boulder-clay    of, 

541. 
Norwich,  boring  at,  418. 
Norwich  Crag,  487,  505. 
Norwaj.     See  Scandinavia. 
Nothosaurus,  263. 
Notidanus,  370,  399. 
Nototherium,  518. 
Nottingham,  Trias  of,  273,275. 
Nucula,  397. 
Nummulites,  436,  441. 

O. 
Obolella,  63,  64,  86. 
Oculina,  436. 

Odontopteris,  174,  175,  233. 
Odontopterjx,  436. 
(Eninghen  beds,  494. 
Ogygia,  63,  86. 
Oil  shales,  205. 
(VKelly,  on  Irish  Drift,  536. 
Old  Bed  Sandstone,  137,  139,  149, 

183,  203, 
Oldhamia,  60, 62. 
Oldhaven  beds,  445. 
Olenus,  62. 
Oliva,  436. 

Oh'gooene,  36,  432,  460. 
Omosaurus,  336. 
Omphyma,  113,  115. 
Onchus,  116. 
Oolitic  rocks,  292,  317. 
Oolitic  marl,  the,  324. 
Ophioderma,  296. 
Ophiderpeton,  180. 


Opis,  297. 

Oracanthus,  170. 

Ordovician  system,  58,  82. 

Oreopithecus,  490. 

Origin  of  species,  17,  18,  22. 

Omithopus,  370,  373,  397. 

Orodus,  170. 

Orthis,  62,  63,  86,  113,  143,   168, 

171. 
Orthoceras,   64,  86,  87,  116,  117, 

143. 
Osborne  beds,  469. 
Osmington  beds,  344. 
Osmunda,  438. 
Osteolepis,  143. 
Ostrea,  260,  297,  319, 339,  340,  343, 

463. 
Otodus,  370,  399. 
Otozamites,  261,  321. 
Ovibos,  500,  514. 
Oxford  clay,   334,  343,   362,  354, 

356. 
Oxfordshire,  rocks  of,  325,  389. 
Oxyrhina,  399. 

P. 

Pabba  shales,  313. 
Palsearca,  86. 
PakBaster,  116,  117. 
Palseasterina,  63. 
Palsechinus,  1 12,  169. 
Palseoooma,  116,  117. 
Palseocyclus,  112. 
Palaeolithic  implements,  549, 
Palffiopteris,  141,  174. 
Pakeocorystes,  370. 
Palseophis,  436. 
Palseonictis,  437. 
Palseotherium,  436,  461,  464. 
Palaeontology,  use  of,  3,  31. 
Palaeontology,  laws  of,  7. 
Palaeozoic  rocks,  4,  5,  258. 
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PakeoniBCUS,  233,  261. 

FalaMNiaariu,  261 . 

Palodina,  343,  465. 

Paloplotheriam,  436. 

Paniselien,  457. 

Psnoptea,  442,  489. 

Paper  shales,  304. 

Parasmilia,  370. 

Paradoxides,  62.  ^ 

Partnacli  beds,  284. 

Patella,  168. 

Pea-grit,  the,  324. 

Peach,  B.  N.,  on  Archsean  rocks, 
44. 

Peach,  B.  N.,  on  Highland  geology, 
76,  100. 

Peach,  B.  N.,  on  volcanoes  of  Shet- 
land, 162. 

Peach,  B.  N.,  on  the  flora  of  Scotch 
Coal-measures,  207. 

Pebidian  series,  46. 

Peoopteris,  174,261,  321. 

Peckforton  HUls,  277. 

Pecten,  341,  376,  398,  401, 496. 

Pectunculus,  397,  489,  497. 

Peltastes,  370,376. 

Pembrokeshire,  rocks  of,  46,  64. 

Penarth  beds,  293,  306. 

Pengelly,  Mr.,  on  Kent's  cavern, 
553. 

Pennant  grits,  186. 

Pennine  chain,  date  of,  253. 

Pennine  fault,  197. 

Pennine  boulder-days,  523,  524. 

Penrith  sandstone,  246. 

Pentacrinus,  260,  296. 

Pentamerus,  112, 113, 114, 116, 142, 
168. 

Pentland  IlilU,  130, 151, 153,  161. 

Pentremites,  169. 

Periechocrinus,  116. 

Permian  system,  230. 


Pema,  297,  372. 

Petabdos,  170. 

Petherwin  beds,  149. 

Petraia,  113. 

Petworth  marble,  381. 

Phaoops,  87,  116,142. 

Phaenicites,  438. 

Phaneropk^uron,  143. 

Pharetrospongia,  370. 

Phascolotherium,  321,  326. 

Phillips,  Professor  J.,  on  Midford 
sands,  306. 

Phillips,  Ph>fe8Sor  J.,  on  Stonesfield 
Beds,  326. 

Phillips,  Professor  J.,  on  Ternary 
groups,  362. 

Phillips,  Professor  J.,  on  Shotover 
Beds,  389. 

Phillips,  J.  A.,  on  Devonian  lavas, 
160. 

Phillips,  J.  A.,  on  Triassic  sand- 
grains,  290. 

PhiUipsia,  142, 169. 

PhoUulomya,  297, 319,  440. 

Pholidophorus,  261. 

Phragmooeras,  113,  116,  117,  143. 

Phyllolepis,  143. 

Phyllograptos,  86. 

Physa,  343. 

Pickwell  Down  sandstone,  147. 

Pilton  beds,  217. 

Pinus,  438. 

Pinites,  178,  321. 

Placodus,  263. 

Placunopsis,  297. 

Plagiaulax,  343. 

Plants,  appearance  of,  141. 

Planorbis,  303,  343,  465. 

Plastic  clay,  444,  448. 

Platanns,  438,  489. 

Plateau  gravels,  519,  522,  523,  525. 

Platycrinus,  112,  142,  169. 


Plitjchiima,  1G8. 
Platjaonms,  170,333. 
HatyMami,  SGO, 
PIectn>du!,  113,  HE. 
Pleistocene  wries,  3G,  487,  Sll. 
Pteiilocene  cliniBte,  509. 
Pleistocene  geogrsphy,  561. 
Ptesiouurus,  297,  SOQ,  335. 
Pleuracanthui,  170. 
PleurDdictyiun,  141. 
Plenromya,  260,  262,  297. 
PleoTophoriia,  168,  234,  235. 
Pleurograptiu,  87. 
Plenrorhjncus,  H2, 171. 
Pkurotomatia,   116,  U2, 168,  172, 

234.  319,  340,  397. 
Pleoroioma,  436. 
PleuRMlemoD,  343. 
PUcstnk,  S60,  297,  374,  37B. 
Pliouuriu,  335. 
Fliopithecui,  490. 
PliuMoe  Miies,  36,  487,  51 1,  572. 
Pliocene  geogrnphj,  557. 
Plialophua,  436. 
PlocoKyptuB,  370,  397. 
Pluionia,  62. 

Plymouth  limestune,  149,  671. 
Fodocarpn*,  438. 
Piecibdiu,  I'O. 
Polyptychodon,  370. 
Poljpodium,  438. 
Polyina,  appooruice  of,  25. 86. 
Polycyphiu,  318. 
Populus,  438,  4tJ9. 
FoTwIlia,  142. 

Portland  beds.  334,  346,  3S3,  355. 
PotidODOmya,  172, 173,  191,  262, 
Poal'Tertiary  an  unnecessary  term. 


Fos)-glBciaI  beds,  511,  S4S. 
PoUmomys,  4H4. 
Putamidea,  464. 
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FoieriocrinuB,  169. 
Foterioceras,  143,  169. 
Potsdam  sandstone,  i  S. 
Precambrian  rocks,  43. 
Prwlwich,    Professor,  on    Oxford 

clay,  344. 
Prestwicb.  Profesaor,  on  Cretaceous 

geography,  431. 
Prestirich,    Professor,    on    Eocene 

beds,  435,  448. 
Prestwicb,    Professor,    on   Eowne 

pwgraphy,  478. 
Prettwich,  IVofessor,  on  Red  Crag, 

fi02,  503,  B04,  506. 
Preslwich,   Professor,  on  sands  in 

Kent,  873. 
Price,  F.  G.  U.,  on  Lower  Cbalk, 

403,  404, 
Primary  rocks,  4,  S,  297. 
Prodncia,  142,  169.  233,  335. 
Pro«taB,  lU,  113,  169. 
Proserpina,  303, 
Prot  aster,  116. 
Proteaceat,  438,  489. 
FroteroBauniB,  333. 
Protocystites,  63. 
Frotospongia.  63. 
ProTJnces,  biological,  II,  13. 
PsammoduB,  170. 
Fsammobia,  442. 
Paeudocrinites,  112,  IIG. 
Pseudodiadema,  296. 
Fsiloceplialus,  63. 
Psilopfayton,  141. 
Pteiaspis,  113,  116,143. 
Pterichtbys,  143. 
Fterinca,  116. 
Fterodon,  437. 
Pterodus,  170. 

Pterophyllnm,  361,320,  321. 
Pterodaclylus,  297,  333,  336. 
Pterosanria,  appearance  of,  26,  31i. 
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Pterygotns,  112. 

Ptilodictya,  87. 

Ftychodus,  370,  399. 

Punfield  beds,  388. 

Purbeck  beds,  334,  347. 

Furbeck,  section  across  Isle  of,  351. 

Purpura,  498. 

Purpuroidea,  297,  320. 

Purple  boulder-clay,  526,  527. 

Pygaster,  318. 

Pygurus,  318. 

Pygopterus,  233. 

Raasay,  section  through,  314. 

Radiolites,  370,  399. 

Raible  beds,  284. 

Raised  beaches,  551. 

Ramsay,  Sir  A.,  on  Arenig  beds, 

91,  104. 
Ramsay,  Sir  A.,  on  Harlech  beds, 

68. 
Ramsay,  Sir  A.,  on  Lower  Paloo- 

soic  rocks,  59, 
Ramsay,  Sir  A.,  on  Silurian,  124, 

136. 
Ramsay,  Sir  A.,  on  Trias,  285,  288. 
Ramsay,  Sir  A.,  on  Liassic  insects, 

303, 
Ramsay,  Sir  A.,  on  glaciation  of 

Wales,  531. 
Rastrites,  112,113,114. 
Rastrites  shales,  133. 
Reade,  T.  M.,  on  Glacial  deposits, 

528,  529,  532,  537. 
Reading  beds,  444. 
Red  Crag,  487, 502. 
Red  Chalk,  416. 
Redonia,  86. 
Reid,  Clement,  on  the  Forest  Bed, 

499,  608,  558. 
Reid,  Clement,  on  Glacial  beds,  519. 


Reid,  Clement,  on  Pliocene  sands, 

572. 
Renevier,  Professor,  on  Rhodanien, 

395. 
Renaeleria,  142. 
Reptiles,  appearance  of,  26,  233. 
Retzia,  113,  116,  168,262. 
Rhamnns,  438. 
Rhamphorhyncus,  322. 
RhsUc  beds,  293,  294,  304,  315. 
Rhinoceros,  490,  496,  497,499,612, 

513. 
Rhizodus,  170. 
Rhixophyllnm,  141. 
Rhodocrinus,  169. 
Rhodanien,  367,  395. 
Rhynchosaurus,  261. 
Rhynchonella,   113,  116,  169,  262, 

319,  320,  340,  371,  374,  376,  397, 

400. 
Riccarton  beds,  129. 
Richmond,  boring  at,  369. 
River-gravels,  549. 
Robin  Hood  Care,  552. 
Rock-salt,  272,  276,  278,  281. 
Roslin  sandstone,  206. 
Rostellaria,  370. 

Rotherham,  red  sandstone  of,  196. 
Rotheliegende,  250. 
Rupelieo,  473. 
Russia,  Silurian  of,  133. 
Russia,  Dyas  of,  260. 
Rutley,  P.,  on  Bala  felstones,  105. 
Rutley,  F,,  on  Brent  Tor,  218. 


S. 


Sabal,  438. 

Sables  de  Bracheux,  457. 
Sables  de  Cuise,  458. 
Sables  moyennes,  458. 
Sagenopteris,  174,  261. 
Salenia,  370. 
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Salix,  438. 

Salopian  series,  110,  119,  123,  125, 

127,  129,  130,  133. 
Salter,  Mr.,  on  Arenig  beds,  91. 
Salter,    Mr.,    on    Atherfield   clay, 

383. 
Sandgate  beds,  380,  384. 
Sandsfoot  clay,  344. 
Sarmatian  stage,  495. 
Saurocephalus,  370. 
Scalpa  beds,  313. 
Scandinavia,  Archaean  of,  54. 
Scandinayia,  Cambrian  of,  76. 
Scandinavia,  Ordovician  of,  103. 
Scandinavia,  Silurian  of,  132. 
Scaphites,  370,  398,  400,  419. 
Scarborough  limestone,  330. 
Scarle,  boring  near,  196,  239. 
Scelidotherium,  518. 
Schizodus,  168. 
Schlern,  dolomite  of,  284. 
Sciurus,  500. 
Scoliostoma,  260. 
Scotland,  Archaean  of,  45. 
Scotland,  Cambrian  of,  75. 
Scotland,  Carboniferous  of,  201 ,  220. 
Scotland,  Chalk  of,  422. 
Scotland,  Dyas  of,  246. 
Scotland,  Eocene  of,  455. 
ScotUnd,  Glacial  beds  of,  539,  544. 
Scotland,  Lias  of,  312. 
Scotland,  Oolites  of,  331. 
Scotland,  Old    Red   Sandstone  of, 

140,  152. 
Scotland,  Ordovician  of,  98,  100. 
Scotland,  Silurian  of,  111. 
Scothind,  Trias  of,  279. 
Secondary  rocks,  4, 5,  257. 
Sedgwick,  Professor,  on  the  term 

Cambrian,  57. 
Sedgwick,  Professor,  on  Ffestiniog 

group,  65. 


Sedgwick,  Professor,  on    Skiddaw 

slates,  73,  97. 
Sedgwick,  Professor,  on  geology  of 

the  Lake  district,  97,  126. 
Seeley,   Professor  H.  G.,  on  Els- 
worth  rock,  353. 
Seeley,  Professor  H.   G.,  on  Red 

Chalk,  416. 
Selwyn,  Dr.,  on  the  Laurentian,  53. 
Senonien,  367,  424. 
Sequoia,  438,  453,  454. 
Shanklin  sands,  388. 
Sharp,  S.,  on  Northampton  oolites, 

325,  326. 
Shetland  Islands,  rocks  of,  161. 
Shineton  shales,  71,  95. 
Shipman,  J.,  on  the  Bunter,   275, 

276. 
Shotover  sands,  389. 
Shropshire,  rocks  of,  70,94, 187,241. 
Sidlaw  Hills,  154,  161. 
Sigillaria,  141,  178,  179. 
Silurian  system,  57,  108. 
Simocyon,  491. 
Siphonia,  370,  397,  398,  401. 
Skiddaw  slates,  73, 97. 
Slimonia,  112. 
Smerwick  beds,  130. 
Smilotrochus,  370. 
Smith,  Dr.  W.,  3. 
Snowdon,  rocks  of,  67,  105. 
Solarium,  297,  397.] 
Solenastrea,  436. 
Sollas,  Professor,   on   Silurians  of 

Cardiff,  124. 
Solva  group,  66. 

Somerset,  rocks  of,  270,  305,  322. 
Sorby,   H.   G.,   on   the  Oligoceno 

estuary,  483. 
Sorex,  500,  515. 
Spalacotherium,  3i3. 
Spatangus,  436. 
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Species,  origin  of,  17. 

Specific  centres,  17. 

Speetonclay,  391. 

Spermoph  ilus,  5 1 5 . 

SphsBrulitos,  399. 

Spheronites,  87. 

Sphagodus,  113. 

Sphenopteris,  174,  175,  321,  375. 

Sphenophjllum,  177. 

SpiUby  sanda,  391. 

Spirifera,  115, 116,  169,  233. 

Spiriferina,  262. 

Spirorbis  limestone,  188. 

Spondylus,  398,  403. 

St.  Ertb,  Pliocene  of,  503. 

St.  Davids,  Archaean  of,  47. 

St.  Davids,  Cambrian  of,  64. 

St.  Davids,  Ordovician  of,  89. 

St.  Cassian  beds,  284. 

St.  Bees  sandstone,  245,  278. 

Stagonolepis,  261. 

Stauronema,  370. 

Staurocephalus,  91,  103. 

SteneosauroB,  335. 

Stenotheca,  62. 

Stenopora,  87. 

Stenocarpus,  438,  439. 

Stereognathus,  321. 

Stigmaria,  178,  179. 

Stockdale  shales,  126. 

Stockingford  shales,  72. 

StonesBeld  slate,  324,  326. 

Stotfield  rock,  281. 

Strahan,  A.,  on  Carboniferous  rocks, 

191. 
Strahan,  A.,  on    Glacial  deposits, 

529,  532. 
trepsodus,  170. 

reptorhyncus,  170. 
Streptospondylus,  321,  377. 
Stricklandia,  113,  114. 
Stringocephalus,  142. 


Stromatopora,  113,  141. 

Strombodes,  113. 

Strophomena,  87,  115,  116. 

Strophalosia,  233. 

Stygina,  99. 

Stylonums,  142. 

Stylodon,  343. 

Sub-Wealden  boring,  334. 

Supra-coralline  beds,  346,  355. 

Surrey,  section  through  part  of,  378. 

Sus,  500,  514. 

Sutton,  section  near,  504. 

Synchronism  of  rock-groups,  27. 

Synocladia,  233. 

Syringopora,  168. 

Systems,  establishment  of,  31,  36. 

Systems,  tables  of,  5,  37. 

Swanston,  Mr.,  on  Ordovician  rocks 

of  Ireland,  101,  102,  131. 
Swindon  beds,  347. 
Sweden.     See  Scandinavia. 
Switzerland,  rocks  of,  474,  493. 

T. 
Taconic  series,  77. 
Taeniopteris,  261,  264,  321. 
Talpa,  500. 
Tanci^sdia,  297. 

Tarannon  shales,  109, 110, 122, 125. 
Tapirus,  497. 
Tate,  G.,  on  Carboniferous  rocks, 

207. 
Tate,  R.,  on  Irish  chalk,  421. 
Tawney,  E.,  on  Headon  beds,  467. 
Taxodium,  489. 
Taxocrinus,  112, 142,  169. 
Teall,  J.  J.  H.,  on  Cheviot  lavas. 

160. 
Teall,  J.  J.  H.,  on  date  of  Pennin* 

chain,  254. 
Tealby  beds,  392. 
Tectaria,  297. 
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Teleosaarus,  297,  301,  321,  335. 

Telerpeton,  261. 

Tellina  baltica,  507,  512. 

TemnechiDus,  496,  497. 

Teratosanrus,  261. 

Terebratula,   142,    262,    263,  320, 

371,  373,  397,  400,  401,  497. 
Terebratella,  296,  397. 
Terebratulina    gracilis,     zone     of, 

396. 
Terebrirostra,  370. 
Tertiary  rocks,  4,  5. 
Tertiary  rocks,  divisions  of,  36,  432. 
Tetradium,  99. 
Tetragraptus,  86. 
Thames,  gravels  of  the,  549. 
Thamnastrea,  296. 
Thanet  sands,  443. 
Theca,  62,  63. 
Thecia,  112. 
Thecidinm,  296. 
Tbecosmilia,  296,  339. 
Thecodontosaarus,  261. 
Theriosuchus,  343. 
Thetis,  373,  376. 
Thomhill  basin,  204,  248. 
Thuyites,  321. 
Thylacoleo,  618. 
Tiddeman,  Mr.,  on  the  glaciation  of 

North  Lancashire,  540. 
Till,  532,  541,  545,  563. 
Tilgate  stone,  381. 
Tilestones,  110, 121. 
Tipperary,  section  through,  212. 
Tongrian,  473. 
Topley,  W.,  on  Sub- Wealden  boring, 

345. 
Topley,  W.,  on  Wealden  beds,  382, 

425. 
Topley,  W.,  on  malm  beds,  404. 
Torridon  sandstone,  75. 
Tornatella,  297,  371,  373. 


Torquay,  Devonian  rocks  at,  149, 

571. 
Tortworth,  118,  121. 
Tottemhoe  stone,  413,  414. 
Toxaster,  370. 
Tragoceras,  493. 
Tremadoc  slates,  66,  69. 
Trematosaurus,  261. 
Tretoceras,  113. 
Triassic  system,  259. 
Triconodon,  343. 
Trigonia,  297,  320,  336,  339,  341, 

372,  374. 
Trigonia  grits,  324. 
Trigonocarpon,  178. 
Trigonosemns,  370. 
Triloculina,  436. 
Trimmingharo,  chalk  of,  418. 
Trinucleus,  86,  87. 
Trinucleus  schists,  133. 
Triton,  436. 
Trochus,  297. 
Trochoceras,  113,  143. 
Trochotoma,  297. 
Trochocyathus,  397. 
Trogontherium,  496,  499,  500. 
Tuedian  beds,  191,  197,  208. 
Tunbridge  Wells  sand,  380. 
Turbo,  234,  262. 
Turbonilla,  260. 
Turbinolia,  436. 
Turonien,  367,  396,  423. 
Turritella,  260,  397. 
Turrilites,  370,  397,  398,  400. 
Typhis,  436, 

U. 
Uncites,  142. 
Unconformity     between    Archaean 

and  Palseozoic  rocks,  60. 
Unconformity    between    Palaeozoic 

and  Neozoic  rocks,  266. 


l/rsus,  500,  515. 

Uasher,  W.  A.   E.,  on    Devonian 

rocJw,  147,  571. 
U^W,  W.  A.  E.,  on  Baggy  bed., 

U^W.  W.  A.  E.,  on  the  Trias, 
U^W,W.  A.  E.,  on  raised  beaches, 

V. 

Valentian  series,  109,  110,118  122 
125,126,128.  '^^».122, 

ValJejs,  pre-glacial,  529,  566. 

y^leya,  rapid  erosion  of,  666. 

ValJejrs,  erosion  of,  stopped  by  sub- 
Bidence,  568. 

Valvata,  303, 343. 
Vectian  group,  366,  383. 
Ventricuhtes,  370,  401,  402 
^enus,  372,  376,  489. 

Vertebrata,  appearance  of,  26  Us 
Vertigo,  303.  '-««,,  us. 

Vicary.  W.,  on  Triassic  lavas,  282 
vicarjra,  388.  '       " 

Virgloria  limestone,  284. 
Vitis,  489. 
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White  Lias,  304. 

Whitaker,  W.,  on  boring  at  Chat- 
ham, 380. 
Whitaker,  W.,  on  chalk  rock,  415. 
Whitaker,  W.,  on  red  chalk,  416. 
Whitaker,  W„  on  Blackheath  beds, 

445, 477. 
Wieklow,  rocks  of,  74,  101,  102. 
Wilson,  E.,  on  Dyassic  rocks,  238, 

239. 
Wilson,  E.,  on  Djassic  geography, 

254,  255. 
Wiltshire,  Rev.  W.,  on  red  chalk, 

416. 
Wobum  sands,  390. 
Wood,   S.  v.,   on   Wealden  beds, 

425. 
Wood,  S.  v.,  on  Red  Crag,  502. 
Wood,  S.  v.,  on  St.  Erthbeds,  505. 
Wood,  S.  v.,  on  Sure  ralley  beds, 

507. 
Woodocrinus,  169. 
Woodward, Dr.  S.  P.,  on  distribution 

of  mollusca,  12. 
Woodward,  Dr.  S.  P.,  on  the  term 

Icenian,  12,  486. 
Woodward,  Dr.  H.,  on  Culm-measure 

fossils,  218. 
Woodward,  H.  B.,  on  Bovej  beds, 

453. 


Woodward,  H.  B.,  on  Norwich  Crag, 

495,  506,  507. 
Woolhope,  rocks  of,  118, 119,  121. 
Woolwich  beds,  444. 
Worcestershire,  rocks  of,  271,  274. 
Wrekin,  rocks  of  the,  60,  55. 


X. 


Xanthopsis,  436. 
Xiphodon,  461. 

Y. 
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Notes.    N.S. 

^—  The  French  Revolution  to  the 
Fhght  of  the  King  in  Z79Z.    N,  S, 

MIGNET'S  The  French  RcTolutlon, 

from  1789  to  18x4.    Portrait  of  Napoleon. 
N.S, 

MILTON'S  Prose  Works.  With  Pre- 
face,  Preliminary  Remarks  by  J.  A.  St. 
John,  and  Index.    5  vols. 

MITFORD'S  (Miss)  Our  Village. 
Sketches  of  Rural  Character  and  Scenery. 
2  Engravings,    a  vols.    N.  S, 


STANDARD  LIBRARY. 


HOUERB^    Dnuutle    Works. 

Knil«h  ProM,  by  C.  H.  W«IL    WiU 
Life  and  ■  Ponjwt^    |  voli    H,  S. 


Woliete  u  can  be  t""a.'~AcaiUmy. 
MONTAGU.    LatUn  and  'Works  ttt 

[ad)-    Miry    Wonlty    Monugu,       Lord 
Whimcliffit  Third  Edition.     Ediitd  by    ' 


.  -,wiihD*AI«iil 

M.,  Notn,  uid  Memoir.     9  voli.    jV.  S.       i 
NEANDEB   (Dr.  A.)    HUtorr  of  tbfl    i 

(Jh.i^IiuiReliaiMnindQiurcL    T™nvby    • 

J.  Twrey.    Wiih  Short  Meraoii.    .ovoli.    , 
LUe  of  Jama  Chrlit,  In  Iti  HU-    i 

loiicalConnMionandDevtlopniini.  tf.S. 
The  Flantli^  and  Tralulnt  of   ' 

Ihe    Cluuliu    Church    by  the    Aposllgi. 

Wiih  Eba  Antizncalicu^,  or  SpiriL  or  Ttr.    . 

mlliin.     Tmu.  by  J.  E.  Rylmd.     I  vols. 

LaotQTfl*     on     tha     Hlatorr    of 

Christian    Dopni..     Train,  by  J.  E.  Ry- 

Hemoiinli  of  CIuiitI«n  Ufa  In    : 

.1.^  Eirly  and    Middle    Age,;    including 
M(ht  in  Darli  Pluei.    Tnni.  by  J.  E, 


.    RANKE  (L.|    Hlatorr  of  th*  Popaa, 


3thofAbdi 


meJik.  the  Ekveaih  Caliph. 
.  _ .  Jev.  B.D.,  Prof,  of  Arabic 
of  Cambridg*.    Focuait  of  Mo. 

if  Anolanl 

of  Ballidt, 


PERCY'S  RaUqnaa  of  Anolant  Eai- 

Ancient  Mlnltreli,  ud  Gloiury.     i  vi 


I'uWoT  Burgundy.  With  [he  Hillary  of 
l.oi.isXl.,byJ.  deTro)ts.  With  a  Life 
and  Noin  )^  A  B.  ScobI*.     Foiuaiu. 

Newly  Tnu. 
Ufe,    W    A 


after  Velajquei),  and  Clemeni  VII.  Mwr 

-  HUtorr  of  Sarrla.    Tnuu.  by  Mn. 
Times  of  Turkey,  by  Cypriio  Roben.  X.  S. 

-  Hlitorr  of  tba  Latin  knd  TaO' 


REUHONT  (Alfred  i»).—S,j  C'>V«. 
RETNOLDB'  (Sir  J.)  Uterarr  Worki. 

With    Memoir    and  Remiilu    by   H.   W, 

Bwchv.    «»ol».    :/.S. 
RICHTER  (laau   Paul).     LcTaoa, 

■  Treaii>e  on  Education;  together  with  tha 

Autobiogiavhy.andashort  Memoit.   A'-T. 
Flowir,  Fmlt,  and  Thorn  Placaa, 


Theotili-o 


nplett  Engliih 


laiiun  on  Luctelia   Borgia.    3  Portniu 

LoraniO   da*  Hadlcl,  tailed    'Thi 

Magnificent,'  with  Copyright  Notes 
Poemi,  Lcuep>,  &c  With  Memoir  o 
Rovoe  and  Poniaii  of  Lordb. 

RUSSIA,  Hlatorr  of,  from  tba 
earlioi  Period  to  the  CKmean  War.  U] 
W.  K.  Ktliy.    )  Potuaits.    a  vols. 

SCHIUJR'S  Works,    i  vola.    y.S. 
Vol.I.-Thiny  Yean'  W«— Revolt  it 
the  Netherlands.     Rav  A  J.  W.  MoniKHi, 


— Mari'  Stuart.  Mellish  — Maid  of  Or- 
leans. Ann*  Swiui wick— Bride  of  Mei. 
tina.  A.  Lodge.  M.  A.  Together  with  the 
Use  of  the  Chorui  in  Tragedy  (a  ihon 
£s>ay).     tlngravingB. 

Th»e  Dramas  are  all  translated  in  metre. 

Vol.  iV.— Robben— FieK»~Un  and 
Intrlifue- Demetrius— Ghost   Seer— Sport 


The  Dramas  in  this  Tolnme  ai 
Vol.  v.- Potnu.     E.  A.  Bowl 

Vol.  VI.— Essayi, *>ihetical 

(ophical,  including  the  Diuertation 


«,C.B. 
a3  Philc 
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BONN'S  LIBRARIES. 


SCHILLER  and  GOETHE.  Corre- 
spondence between,  from  a.d.  17^^-1805. 
with  Short  Notes  by  L.  Dora  Sciunitz. 

a  vols.    N.  S, 

SCHLEGEL'8  (F.)   Lectures  on  the 

Philofiophy  of  Life  and  the  Philosophy  of 
Language.    By  A.  J.  W.  Morrison. 

The  History  of  Llteratore,  Ancient 

and  Modem. 

The  Philosophy-  of  History.  With 

Memoir  and  Portrait. 

Modem  Historji  with  the  Lectures 

entitled  Cesar  and^  Alexander,  and  The 
Beginning  of  our  History.  By  L.  Purcel 
and  R.  H.  Whitelock. 

iEsthetic    and    Siiscellaneons 

Works^  containing  Letters  on  Christian 
Art,  Essay  on  Cjothic  Architecture,  Re- 
marks  on  the  Romance  Poetry  of  the  Mid- 
die  A^es,  on  Shakspeare,  the  Limits  of  the 
Beautiful,  and  on  the  Lanjg;uage  and  Wis- 
dom of  the  Indians.    By  EH  J.  Millington. 

BCHLEGEL  (A.  W.)  Dramatic  Art 
and  Literature.  By  J.  Black.  With  Me- 
moir by  A.  J.  W.  Morrison.    Portrait. 

SCHUMANN  (Robert),  His  Life  and 
Works.  By  A.  Reissmann.  Trans,  by 
A.  L.  Alger.    N.S, 

Early  Letters.    Translated  by  May 

Hcrbrrt.     X.S. 

SHAKESPEARE'S    Dramatic  Art. 

T)\c  Hibtory  and  Character  of  Shakspeare's 
PUys.  By  Dr.  H.  Uhid.  Trans,  by  L. 
Dora  Schmitz.    a  vols.    N.  S. 

SHERn>AN'S  Dramatic  Works.  With 
Memoir-    Portrait  (after  Reynolds).    A^.  .S*. 

SKEAT  (Rev.  W.  W.)— ^**  Chancer. 

SISMONDPS  History  of  the  Litera. 

ture  of  the  South  of  Europe.  With  Notes 
and  Memoir  by  T.  Roscoe.  Portraits  of 
Sismondi  and  Dante,    a  vols. 

The  specimens  of  e^rly  French,  Italian, 
Spanish,  and  Portugese  Poetry,  in  English 
Verse,  by  Cary  and  others. 

SMITH'S    (Adam)    The    Wealth   of 

Nations.  An  Inquiry  into  the  Nature  and 
Causes  of.  Reprinted  from  the  Sixth 
Edition.  With  an  Introduction  by  Ernest 
Belfort  Bax.    2  vols.    N.  S. 


SMITH'S  (Adam)  Theory  of  Moral 

Sentiments  ;  with  Essay  on  the  First  For- 
mation of  Languages,  and  Critical  Memoir 
by  Dugald  Stewart. 

SMYTH'S  (Professor)  Lectnres    on 

Modem  History ;  from  the  Irruption  of  the 
Northern  Nations  to  the  close  of  the  .\meri- 
can  Revolution,    a  vols. 

Lectures  on  the  French  Revolu- 
tion.   With  Index,    a  vols. 

SOUTHET.-5/r  Ctnvper,  fVesUy,  and 
illlust^Ud  Lilrrary)  NtUon. 

STURM'S    Morning   Commnnlngs 

with  God,  or  Devotional  Meditations  for 
Every  Day.  Trans,  by  W.  Johnstone,  M.A. 

SULLY.    Memoirs  of  the  Duke  of, 

Prime  Minister  to  Henry  the  Great.  With 
Notes  and  Historical  Introduction.  4  Por- 
traits.   4  vols. 

TATLOR*S  (Bishop  Jeremy)  Holy 
Living  and  Dying,  with  Prayers,  contain- 
ing the  Whole  Duty  of  a  Christian  and  the 
parts  of  Devotion  fitted  to  all  Occasion!^ 
Portrait.    N.  S, 

THIERRY'S  Conquest  of  England  by 

the  Normans;  its  Causes,  and  its  Conse- 
quences  in  Enehuid  and  the  Continent. 
By  W.  Hazlitt.  With  short  Memoir,  a  Por- 
traits,    a  vols.    N.  S. 

TROYE*S  (Jean  de).  — J-m  PkUi^  dt 
Cammittes, 

ULRICI  (Dr.)~>SV/  Skakesptart, 

VASARI.  Lives  ofthe  most  Eminent 

Painters,  Sculptors,  and  Architects.  By 
Mre.  J.  Foster,  with  selected  Notes.  Por- 
trait. 6  vols..  Vol.  VI.  being  an  additional 
Volume  of  Notes  by  J.  P.  Richter.    N.  S. 

WERNER'S  Templars  in  Cypma. 
Trans,  by  E.  A.  M.  Lewis.    N.  S. 

WESLEY,  the  Lifs  of.  and  the  Rise 

and  Progress  of  Methodism.  By  Robert 
Southey.    Portrait,    sf.    N.  S. 


WSEATLEY.    A  Rational  Illastra- 

tion  of  the  Book  of  Common  Prayer,  being 
the  Substance  of  everything  Liturgical  in 
all  former  Ritualist  Commentators  upon  the 
subject.    Frontispiece.    JV.  S, 


HISTORICAL  AND  PHILOSOPHICAL  LIBRARIES, 


HISTORICAL    LIBRARY. 

22  Volumes  at  ^.  each.     {$1,  los,  per  set.) 


EVELTITS  Diar^  and  Correspond- 

dence,  with  the  Pnvate  Correspondence  of 
Charles  I  and  Sir  Edward  Nicholas,  and 
between  Sir  Edward  Hyde  (Earl  of  Claren- 
don) and  Sir  Richard  Browne.  Edited  from 
the  Original  MSS.  by  W.  Bray,  F.A.S. 
4  vols.  A^  ^.  ^5  Engravings  (afier  Van> 
dyke,  Lely,  Kneller,  and  Jamieson,  &c.)' 

N.B.— This  edition  contains  130  letters 
from  Evelyn  and  his  wife,  contained  in  no 
other  edition. 

PEPTS'  Diary  and  Corro«pondeno«. 

With  Life  and  Notes,  by  Lord  Braybrooke. 
4  vols.  iV.  S.  With  Appendix  containing 
additional  Letters,  an  Index,  and  31  BJi- 

Eavin^    (after  Vandyke,    Sir    P.    Lely, 
olbein,  Kneller,  &c.). 


JE88E*8  Memoirs  of  the  Court  of 

England  under  the  Stuarts,  including  the 
Protectorate.  3  vols.  With  Index  and  42 
Portraits  (after  Vandyke,  Lely,  &c.). 

Memoirs  of  the  Pretenders  and 

their  Adhercnu.    7  Portraits. 

NU GENT'S  (Lord)  Memorials  of 
Hampden,  his  Party  and  Times.  With 
Memoir.  la  Portraits  (after  Vandyke 
and  others).    N.  S. 

STRICKLAND'S  ( Affnes)  Lives  of  the 

8ueens  of  England  from^  the  Norman 
onquest.  From  authentic  Documents, 
public  and  private.  6  Portraits.  6  vols. 
N.S. 

Lifte  of  Mar  J  Qneen  of  Scots. 

3  Portraits,    a  vols.     N,  S. 


—  Lives  of  the 

Princesses.    With 


Tudor  and  Sttiart 
a  Portraits.      A'.  S. 


PHILOSOPHICAL   LIBRARY. 

17  Vols,  at  5 J.  ecuh^  excepting  those  marked  othermse.     (3/.  l^.  per  set.) 


BACON'S  Novum  Orgranum  and  Ad- 
vancement of  Learning.  With  Notes  by 
J.  Dcvey,  M.A. 

BAX.    A  Handbook  of  the  History 

of  Philosophy,  for  the  use  of  Students. 
By  E.  Belfort  Bax,  Editor  of  Kant's 
'  Prolegomena.'     5*.     ^V.  S. 

COMTE'S  Philosophy  of  the  Sciences. 

An  Exposition  of  the  Principles  of  the 
Court  de  Philos»phie  Positiv*.  By  G.  H. 
Lewes,  Author  of '  The  Life  of  Goethe.' 

DRAPER  (Dr.  J.  W.)    A  History  of 

the  Intellectual  Development  of  Europe, 
a  vols.    N.  S. 

HEGEL'S  Philosophy  of  History.  By 
J.  Sibree,  M.A. 

KANT'S  Critique  of  Pure  Reason. 
By  J.  M.  D.  Meiklcjohn.    N.  S. 

Prole^mena  and  Metaphysical 

Foundations  of  Natural  Science,  with  Bio- 
sraphy  and  Memoir  by  £.  Belfort  Bax. 
Portrait.    J/.  S. 


LOGIC,  or  the  Science  of  Inference. 
A  Popular  Manual.     By  J.  Devey. 

MILLER  (Professor).  History  Philo- 
sophically Illustrated,  from  the  Fall  of  the 
Roman  Empire  to  the  French  Revolution. 
With  Memoir.    4  vols.    31.  6<i.  each. 

SCHOPENHAUER  on  the  Fourfold 

Root  of  the  Principle  of  Sufficient  Reason, 
anu  on  the  Will  in  Nature.  Trans,  froni 
the  (>erman. 

SPINOZA'S  Chief  Works.  Trans,  with 
Introduction  by  R.  H.  M.  Elwes.  2  vols. 
N.S. 

Vol.   I.— Tractatos  Theologico-Politicus 
^Political  Treatise. 

Vol.   II. —  Improvement  of  the  Under> 
standing — Ethics — Letters. 

TENNEMANN*8  Manual  of  the  His- 
tory of  Philosophy.  Trans,  by  Rev.  A. 
Johnson,  M.A. 


( 


of  Etuebius  Pamphilios,  Bishop  of  Ccsarea. 
Trans,  by  Rev.  C.  F.  Cruse,  M.A.  With 
Notes,  Life,  and  Chronological  Tables. 

EVAGRIUS.    History  of  th«  Choroh. 

— Ste  Tfu0thr*t. 

HARDWICK.  History  of  thoArtlolM 

of  Religion ;  to  which  is  added  a  Series  of 
Documents  from  a.d.  1536  to  a.d.  1615. 
Ed.  by  Rev,  F.  Proctor.    N,  S. 

HENRY'S  (Matthew)  Exposition  of 
the  Book  of  Psalms.    Numerous  Woodcuts. 

PEARSON  (John,  D.D.)    Exposition 

of  the  Creed.  Edit,  by  E.  Walford,  M.A. 
With  Notes,  Analysis,  and  Indexes.    N.  S. 


SOS 

A.i 

ms 

TO| 

Ph< 
Wil 

THE 

tori) 
Dm 

Men 


Sync 
Rev. 


ANTIQUARIAN    L 

35  Vols,  at  5i.  each.    (8/.  I 


ANGLO-SAXON  CHRONICLE.  -  ^## 

ASSER'S  Life  Of  Alfired.-^^/  Six  O.  E, 

CknmicUt. 
B£DE*S    (Venerable)   EcdeslAstlcal 

History  of  England.  Together  with  the 
Anglo-Saxon  Chronicle.  With  Notes, 
Short  Life,  Analysis,  and  Map.  Edit,  by 
J.  A.  Giles,  D.C.L. 

BOETHIUS'S  Consolation  of  Philo- 
sophy. K.ins  Alfred's  Anglo-Saxon  Ver- 
sion of.  With  an  English  Translation  on 
opposite  pages,  Notes,  Introduction,  and 
(Glossary,  by  Rev.  S.  Fox,  M.A.  To 
which  is  added  the  A****"  c •• 
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ANTIQUARIAN  LIBRARY, 


If 


ELLIS  (O.)  Specimens  of  Early  En- 
glish Metrical  Romances,  relating  to 
Arthur,  Merlin,  Guy  of  Warwick,  Richard 
Cceur  de  Lion,  Charlemagne,  Roland,  &c. 
&c.  With  Historical  Introduction  by  J.  O. 
Halliwell,  F.R.S.  Illuminated  Frontis- 
piece from  an  old  MS. 

ETEffiLWERD.     Chronicle  ot.—Su 

Six  O.  E.  Chroniclts, 

FLORENCE    OF    WORCESTER'S 

Chronicle,  with  the  Two  Continuations : 
comprising  Annals  of  English  History 
from  the  Departure  of  the  Romans  to  the 
Reign  of  Edward  I.  Trans.,  with  Notes, 
by  Thomas  Forester,  M.A. 

GEOFFREY    OF    MONMOUTH. 

Chronicle  of. — Stt  Six  O,  E.  CkronicUs. 

GESTA  ROMANORUM,  or  Enter- 
taining Moral  Stories  invented  by  the 
Monks.  Trans,  with  Notes  by  the  Rev. 
Charles  Swan.    Edit,  by  W.  Hooper,  M.A. 

GILD  AS.    Chronicle  Qi.—Stt  Six  O.  E. 

Chronicles. 

GIRALDUS  CAMBRENSIS'  Histori- 
cal Works.  Containine  Topography  of 
Ireland,  and  Hutory  of  the  Conquest  of 
Ireland,  by  Th.  Forester,  MA.  Itinerary 
through  Wales,  and  Description  of  Wales, 
by  Sir  R.  Colt  Hoare. 

HENRT  OF  HUNTINGDON'S  His- 
tory of  the  English,  from  the  Roman  In- 
vasion to  the  Accession  of  Henry  II. ; 
with  the  Acts  of  King  Stephen,  and  the 
Letter  to  Walter.  By  T.  Forester,  M.A. 
Frontispiece  from  au  old  MS. 

INGULPH'S  Chronicles  of  the  Abbey 

of  Croyland,  with  the  Continuation  by 
Peter  of  Rlois  and  others.  Trans,  with 
Notes  by  H.  T.  Riley,  B.A. 

KEIGHTLEY'S  (Thomas)  Fairy  My- 

thologyj  illustrative  of  the  Romance  and 
Superstition  of  Various  Countries.  Frontis- 
piece by  Cruikshank.    A^.  S. 

LEPSIUS'S    Letters  from  Eg/iit, 

Ethiopia,  and  the  Peninsula  of  Sinai ;  to 
which  are  added,  ExtracU  from  his 
Chronology  of  the  Egyptians,  with  refer- 
ence to  the  Exodus  of  the  Israelites.  By 
L.  and  r.  B.  Homer.  Maps  and  Coloured 
View  of  Mount  Barkal. 

MALLET'S  Northern  Antiquities,  or 

an  Historical  Account  of  the  Manners, 
Customs,  Reli^ons,  and  Literature  of  the 
Ancient  Scandinavians.  Trans,  by  Bishop 
Percy.     With  Translation  of  the  Prose 


Edoa,  and  Notes  by  J.  A.  Blackwell. 
Also  an  Abstract  of  the  '  Eyrbyggia  Saga ' 
by   Sir   Walter   Scott.      With   Glossary 


and  Coloured  Frontispiece. 


MARCO  POLO'S  TraTcU;  with  Notes 
and  Introduction.     Edit,  by  T.  Wright. 

MATTHEW  PARIS'S  English  His- 
tory, from  1235  to  1273.  By  Rev.  J.  A. 
Giles,  D.C.L.  with  Frontispiece.  3  vols.— 
See  eUso  Roger  0/  Wendcver. 

lHh^rtBS:^   OF  WESTMINSTER'S 

Flowers  of  History,  especially  such  as  re- 
late to  the  affairs  of  Britain,  from  the  be- 
ginning of  the  World  to  a.d.  1307.  By 
C.  D.  Yonge.    2  vols. 

NENNIUS.  Chronicle  oU-^See  Six 
O.  E.  Chronicles, 

ORDERICUS  VIT  ALIS'  Ecclesiastical 

History  of  Eneland  and  Normandy.  With 
Notes,  Introduction  of  Guizot,  and  the 
Critical  Notice  of  M.  Delille,  by  T. 
Forester,  M.A.  To  which  is  added  the 
Chronicle  of  St.  Evroult.  With  Gene- 
ral and  Chronological  Indexes.    4  vols. 

PAULFS  (Dr.  R.)  Life  of  Alfred  the 
Great  To  whicn  is  appended  Alfred's 
Anglo-Saxon  Version  OP  Orosius.  With 
literal  Translation  interpaged.  Notes,  and 
an  Anglo-Saxon  Grammar  and  Glossary, 
by  B.  Thorpe,  Esq.    Frontbpiece. 

RICHARD    OF    CIRENCESTER 

Chronicle  of. — See  Six  0»  E.  Chronicles. 

ROGER  DE  HOVEDEN'S  Annals  of 

English  History,  comprising  the  History 
of  Enffland  and  of  other  Countries  of  Eu- 
rope from  A.D.  73a  to  A.D.  raoi.  With 
Notes  by  H.  T.  Riley,  B.A.    a  vols. 

ROGER  OF  WENDOYER'S  Flowers 

of  History,  comprising  the  History  of 
England  from  the  Descent  of  the  Saxons  to 
A.D.  2a3^,  formerly  ascribed  to  Matthew 
Paris.  With  Notes  and  Index  by  J.  A. 
Giles,  D.C.L.    a  vols. 

SIX  OLD  ENGLISH  CHRONICLES : 

viz.,  Asser's  Life  of  Alfred  and  the  Chroni- 
cles of  Ethel werd,  Gildas,  Nennius,  Geof- 
frey of  Monmouth,  and  Richard  of  Ciren- 
cester. Edit.,  with  Notes,  by  J.  A.  Giles, 
D.C.  L.    Portrait  of  Alfred. 

WILLIAM     OF    MALMFiSBURY'S 

Chronicle  of  the  Kings  of  England,  from 
the  Earliest  Period  to  Kbg  Stephen.  By 
Rev.  J.  Sharpe.  With  Notes  by  J.  A. 
Giles,  D.C.L.    Frontispiece. 

TULE-TIDE  STORIES.  A  Collection 
of  Scandinavian  and  North-German  Popu* 
lar  Talei  and  Traditions,  from  the  Swedish, 
Danish,  and  German.   Edit,  by  B.  Thorps. 


;^ 


:  I' 


an<rShortSi«noir     p;^  ••  r*"' Notes 

i  ogether  with   SwRs^'e  ^'  ""o***!  &c. 
~-  «  wh  the  Plate.  Coloured,,  M  " 
applied  toVht  PI     -J  ^"*   »''d    Layard 

^^wd  KtS^Sf ••'  tT*'^    Variorum 

Cattermole.        ^      **'  *^»«»»vuig,  .fte, 

nearly  ,00  IlUllSoS'' *~™-   "•P.«n<I 
^'S^'nd'J^-lJ^^^S^t  Of  KJV.W.    I 

cl.-tlteS:''*^^^  N-^Woc^  I 
CRUIK8HANK*8  Three  Cn«*- 

w^r^^rT^rSe^s^-rS?  1 

With  Coloured  Plates.    7,.  g^  ' 

"^^HSS^offfls'Sr-ir""^! 


ILLUSTRATED  UBRARY. 
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LODOE'8    Portraits    of   niuftrioiu 

Personaees  of  Great  Britain,  with  Bio- 
graphical and  Historical  Memoirs.  340 
Portraits  engraved  on  Steel,  with  the 
respective  Biographies  unabridged.  Com- 
plete in  8  vols. 

LONOF£LLO'^^S    Poetical    Worlu, 

including  his  Translations  and  Notes,  ai 
full-page  Woodcuu  by  Birket  Foster  and 
others,  and  a  Portrait.    A^  .S". 

Without  the  Illustrations,  y.bd.   N.S. 

Pro««  Worlw.     With   16   full-page 

Woodcuu  by  Birket  Foster  and  others. 

LOUDON'S  (Mrs.)  Entertaining  Na- 
turalist. Popular  Descriptions,  Tales,  and 
Anecdotes,  of  more  than  500  Animals- 
Numerous  Woodcuts.    N.  S. 

CfARRTATS  (Capt.,  R.N.)  Master. 
man  Ready  ;  or,  the  Wreck  of  the  Pnci/ic. 
(Written  for  Young  People.)  With  93 
Woodcuts.     3*.  td.    N.  S. 

Mission;   or,  Scenes  in  Africa. 

(Written  for  Wmng  People.)  illustraied 
by  Gilbert  and  Dalziel.    3*.  &/.     N.  S. 

Pirate  and  Tliree  Cntters.  (Writ- 
ten for  Young  People.)  With  a  Memoir. 
8  Steel  Engravings  after  Clarkson  Stan- 
field,  R.A.    31.  6J.    A^.  S. 

PrlTateersman.   Adventures  hy  Sea 

and  Land  One  Hundred  Years  Ago. 
(Written  for  Young  People.)  8  Steel  En- 
gravings.    3«.  6</.     N.  o . 

Settlers  in  Canada.    (Written  for 

Voong  People.)  10  Eneravings  by  (Gilbert 
and  Dalziel.    y.  6d.    N.  S. 

Poor    Jack.     (Written    for    Yonng 

People.)  With  16  Illustrations  after  Clark- 
son  Stanfield,  R.A.    3s.  6d,    AT.  S. 

Midshipman   Easy.     With  8  full- 

}>age  Illustrations.  Small  post  8vo.  ys.  bd. 
X.S. 

Peter  Simple.  With  8  full-page  Illus- 
trations.    Small  post  8vo.  jx.  6.Y.     .V-.S". 

MAXWELL'S  Victories  of  Wellinff* 
ton  and  the  British  Armies.  Frontiq>iece 
and  4  Portraits. 

MIOHAEL  ANOELOand  RAPHAEL. 

Their  Lives  and  Works.  By  Du^pa  and 
Quatrem^re  de  (Duincy.  Portraits  and 
Engravings,  including  the  Last  Judgment, 
and  Cartoons.    N.  S. 

MILLER*S  History  of  the  Anglo- 
Saxons,  from  the  Earliest  Period  to  the 
N  orman  Conquest.  Portrait  of  Alfred,  Map 
of  Saxon  Britain,  and  12  Steel  Engravings. 

MHiTON^S  Poetical  Works,  with  a 
Memoir  and  Notes  by  J.  Montgomery,  an 
Index  to  Paradise  LoM,  Todd's  Verbal 
Index  to  all  the  Poems,  and  Notes.  lao 
Wood  Engravings,    a  voU.    N.  S, 


MXTDIE'S  HistOTj  of  British  Birds. 
Revised  by  W.  C.  L.  Martin.  5a  Figures  of 
Birds  and  7  Plates  of  Eggs.    «  vols.     N.S. 

With  the  Plate*  coloured,  71. 6d.  per  voL 

I  NAVAL  and  BOLITART  HEROES 
I  o(  Great  Briuin  ;  a  Record  of  British 
Valour  on  every  Day  in  the  year,  from 
William  the  Conqueror  to  the  Battle  of 
Inkermann.  By  Major  Johns,  R.M.,  and 
Lieut.  P.  H.  Nicolas,  R.M.  Indexes.  34 
Portraits  after  Holbein,  Rejrnolds,  &c.   6s. 

NICOLINTS  History  of  the  Jesnits : 

their  Origin,  Progress,  Doctrines,  and  De- 
I       signs.    8  Portraits. 

PETRARCH'S    Sonnets,    Triumphs, 

and  other  Poems,  in  English  Verse.    With 
I        Life  by  Thomas  Campbell.    Portrait  and 
15  Steel  Engravings. 

PICKERINO'S  History  of  the  Races 

of  Man,  and  their  Geographical  Distribu- 
tion :  with  An  Analytical  Synopsis  op 
THB  Natural  History  of  Man.  By  Dr. 
Hall.    Map  of  the  World  and  xa  Plates. 

9 With  the  Plates  coloured,  7s.  6d. 

PICTORIAL     HANDBOOK     OF 

Modem  (Geography  on  a  Populau-  Plan. 
Compiled  from  the  best  Authorities,  English 
and  Foreign,  by  H.  G.  Bohn.  250  Wood- 
cuts  and  51  Maps.    6s. 

'—  With  the  Maps  coloured,  7*.  6tl. 

Without  the  Maps,  31.  6d. 

POPE*8  Poetical  Works,  including 
Tranjilations.  Edit.,  with  Notes,  by  R. 
Carruthers.    9  vols. 

Homer's    Iliad,    with    Introduction 

and  Notes  by  Rev.  J.  S.  Watson,  M.A. 
With  Flaxman's  Designs.    A^.  S. 

Homer's  Odyssey,  with  the  Battle 

or  Frogs  and  Micb,  Hymns,  &c,  by 
other  translators,  including  Chapman.  In- 
troduction and  Notes  by  J.  S.  Watson, 
M.A.    With  Flaxman's  Designs.    N.S. 

——  Life,  including  many  of  his  Letters. 
By  R.  Carruthers.  Numerous  Illustrations. 

POTTERY   AND    PORCELAIN,    and 

other  objects  of  Vertu.  Comprising  an 
Illustrated  Catalogue  of  the  Bemal  Col- 
lection, with  the  prices  and  names  of  the 
Possessors.  Also  an  Introductory  Lecture 
on  Pottery  and  Porcelain,  and  an  fengraved 
List  of  all  Marks  and  Monograms.  By 
H.  G.  Bohn.    Numerous  Woodcuts. 

With  coloired  Illustrations,  lor.  6d, 

PROUT'S  (Father)  Reliqnes.  Edited 
b^  Rev.  F.  Mahony.  Copyright  edition, 
with  the  Author^s  last  corrections  and 
additioiu.  »i  Etchings  by  D.  Maclise, 
R.A.    Neariy  600  pages,    it.    N,  S. 
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RECREATIONS  IK  SHOOTING.  With 
some  Account  of  the  Game  found  in  the 
British  Isles,  and  Directionsfor  the  Manage- 
ment of  Dog  and  Gun.  By  '  Craven.'  62 
Woodcuts  and  9  Steel  Engravings  after 
A.  Cooper,  R.A. 

REDDINO*S    History  and   Deicrtp- 

tions  of  Wines,  Ancient  and  Modem,  ao 
Woodcuts. 

RENNIE.  Insect  Arohitectore.  Re- 
vised by  Rev.  J.  G.  Wood,  MA.  z86 
Woodcuts.    N,  S. 

ROBINSON  CRUSOE.  With  Memoir  of 
Defoe,  xa  Steel  Engravings  and  74  Wood- 
cuts after  Stothard  and  Harvey. 

Without  the  Engravings,  v*  ^' 

ROME  IN  THE  NINETEENTH  CEN- 

tury.  An  Account  in  1817  of  the  Ruins  ^f 
the  Ancient  City,  and  Monuments  of  Modem 
Times.    By  C.  A.  Eaton.    34  Steel  En- 

f  ravings,    a  vols. 
ARFE  (S.)   The  History  of  Effypt, 
from  the  Earliest  Times  till  the  Conquest 
by  the  Arabs,  a.d.  640.    a  Maps  and  up> 
wards  of  400  Woodcuts,    a  vols.    N.  S. 

SOUTHET*S  Life  of  Nelson.  With 
Additional  Notes,  Facsimiles  of  Nelson's 
Writine,  Portraits,  Plans,  and  50  Engra^^ 
ings,  after  Birket  Foster,  &c.    A^.  ^. 

STARLING'S  (Bliss)  Noble  Deeds  of 

Women;  or,  Examples  of  Female  Courage, 
Fortitude,  and  Virtue.  With  14  Steel  Por- 
traits.   A^  S. 

VtHKBiT  and  REYETTS  Antiqnities 

of  Athens,  and  other  Monuments  of  Greece ; 
with  Glossary  of  Terms  used  in  Grecian 
Architecture.  71  Steel  Plates  and  numerous 
Woodcuts. 

SWEET'S  British  Warblers.  s^.-vSm 
Btchstein. 

TALES  OF  THE  GENH ;  or,  the 
Delightful  Lessons  of  Horam,  the  Son  of 
Asmar.  Trans,  by  Sir  CMorrell.  Numer- 
ous Woodcuts. 


TASSO*S    Jemsalem    Delivered.    In 

Enfflish  Spenserian  Verse,  with  Life,  by 
T.  H.  Wiffen.  With  8  Engravings  and  34 
Woodcuts.    A^.  .y. 

WALBXR'8  Manly  Exercises;  con- 
taining Skating,  Riding,  Driving,  Hunting, 
Shootmg,  Sailing,  Rowmg,  Swimming,  &c. 
44  Engravings  and  numerous  Woodcuts. 

WALTON'S  Complete  An^ler^  or  the 
Contemplative  Man's  Recreation,  oy  Izaak 
Walton  and  Charles  Cotton.  With  Me- 
moirs  and  Notes  by  E.  Jesse.  Also  an 
Account  of  Fishing  Stations,  Tackle,  &c., 
by  H.  G.  Bohn.  Portrait  and  303  Wood- 
cuts.   N.  S. 

With  a6  additional  Engravings  on  Steel, 

js.  6d. 

Lives  of  Donne,  Wottont  Hooker, 

&c.,  with  Notes.  A  New  £dition,  re- 
vise! by  A.  H.  Bullen,  with  a  Memoir 
of  Izaak  Walton  by  William  Dowling.  6 
Portraits,  6  Autograph  Sienatures,  &c. 
N.S. 


WELLINGTON,    LifiB   of. 

Materials    of    Maxwell.      18 


From   the 
Steel    En- 
gravings. 

Victories  ot.^Stt  MtucwelL 

WESTROPP  (H.  M.)  A  Handbook  of 

Archjeology,  Egyptian,  Greek,  Etruscan, 
Roman.  By  H.  M.  Westropp.  Numerous 
Illustrations,    js.  6d,    N,  S» 

WHITE'S  Natural  History  of  Sel- 

borne,  with  Observations  on  various  Parts 
of  Nature,  and  the  Naturalists'  Calendar. 
Sir  W.  Tardine.  Edit.,  with  Notes  and 
Memoir,  by  E.  Jesse.    40  Portraits.    A^  S. 

— —  With  the  Plates  coloured,  js.  6d.  N.  S. 

TOUNG    LADY'S    BOOK.    The.     A 

Manualof  Recreations,  Arts,  Sciences,  and 
Accomplishments.  laoo  Woodcut  Illustra- 
tions,   js.  6d. 

—  cloth  gilt,  gilt  edges,  9*. 


CLASSICAL   LIBRARY. 

Translations  from  the  Greek  and  Latin. 
loi  Vols,  at  5 J.  each^  excepting  those  marked  otherwise,    (24/.  15^.  6d,  per  set,) 


fSCHTLUS,    The   Dramas   of.    In 

English  Verse  by  Anna  Swanwick.     4th 
edition.    N.  S. 

The  Tragedies  of.    In  Prose,  with 

Notes  and  Introduction^  by  T.  A  Buckley, 
B.A.    Portrait,    js.  6a. 

AMMIANUS  MARCELUNVS.  His- 
tory of  Rome  durinjs  the  Reigns  of  Con- 
stantius,  Julian,  Jovianus,Valentinian,  and 
Valens,  by  C.  D.  Yonge,  B.A  Double 
volume.    7«.  6d, 


ANTONINUS    (M.    Aareliiis)i    The 

Thoughts  of.  Translated  literaUy,  with 
Notes.  Biographical  Sketch,  and  Essay  on 
the  Pnilosophy,  by  George  Long,  M.A 
y.6d,    N.S. 

APULEinS,    The  Works  of.     Com- 

f  rising  the  Golden  A^,  God  of  Socrates, 
'lon<u,  and  Discourse  of^  Magic.  With 
a  Metrical  Version  of  Cupid  and  Ps3rche, 
and  Mrs.  Tighe's  Psyche.  Frontis- 
piece. 


CLASSICAL  LIBRARY, 
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A1U8TOPHAKE8*  Comedlea.  Trans., 
with  Notes  and  Extracts  from  Frere's  ana 
other  Metrical  Versions,  by  W.  J.  Hiclde. 
Portrait,    a  vols. 

ARISTOTLE^S  NicomAOhean  Ethics. 

Trans.,  with  Notes,  Analytical  Introduc- 
tion, and  Questions  for  Students,  by  Yen. 
Archdn.  Browne. 

■  —  Polltloa  and  Eoonomios.  Trans., 
with  Notes,  Analyses,  and  Index,  bv  E. 
Walford,  M.A.,  and  an  Essay  and  Lite  by 
Dr.  Gillies. 

—  MetaphTSlOfl.  Trans.,  with  Notes, 
Analysis,  and  Examination  Questions,  by 
Rev.  John  H.  M'Mahon,  M.A. 

—  History  of  Anlmali.  In  Ten  Books. 
Trans.,  with  Notes  and  Index,  by  R. 
Cresswell,  M.A. 

i—  Organon ;  or.  Logical  Treatises,  and 
the  Introduction  of  Porphyry.  With  Notes, 
Analysis,  and  Introduction,  by  Rev.  O. 
F.  Owen,  M.A.    a  vols.    31.  ta.  each. 

—  Rhetoric  and  Poetics.  Trans.,  with 
Hobbes'  Analysis,  Exam.  Questions,  and 
Notes,  by  T.  Buckley,  B.A.    Portrait. 

ATHENJEUS.    The  Deipnosophists ; 

or,  the  Banquet  of  the  Learned.  Bv  C.  D. 
Yonge,  B.A.  With  an  Appendix  of  Poeti- 
cal  Fragments.    3  vols. 

ATLAB  of  Classical  Oeography.    aa 

large  Coloured  Maps.  With  a  complete 
Index.    Imp.  8vo.    7;.  td. 

Bl01X,^Se^  Theocritus. 

C£SAR.     Commentaries    on   the 

Gallic  and  Civil  Wars,  with  the  Supple- 
mentary Books  attributed  to  Hirtius,  in- 
cluding the  complete  Aj[exandrian,  African, 
and  Spanish  Wa;  *" 
Portrait. 


'ars.     Trans,  with  Notes. 


CATULLUS,  Tihollus,  and  the  VigU 

of  Yenus.     Trans,  with  Notes  and  Bio- 
graphical   Introduction.     To   which    are 
added.     Metrical     Versions  ^  by     Lamb,    j 
Grainger,  and  others.    Frontuptece.  I 

CICERO'S  Orations.    Trans,  by  C.  D.    | 
Yonge,  B.A.    4  vols. 

On  Oratory  and  Orators.    With 

Letters  to  Quintus  and  Brutus.    Trans., 
with  Notes,  by  Rev.  J.  S.  Watson,  MA. 

On  the  Nature  of  the  Gknis,  Divi- 
nation, Fate,  Laws,  a  Republic,  Consul- 
ship. Trans.,  with  Notes,  by  C.  D.  Yonge, 
B.A. 

— —  Aoademios,  De  Finibus,  and  Tuscq- 
lan  Questions.  By  C.  D.  Yonge,  B.A. 
With  Sketch  of  the  Greek  Philosophers 
mentioned  by  Cicera 


CICERO*S  Orations.— r<w/m«A/: 

Offices :    or,    Moral    Duties.      Cato 

Major,  an  Essay  on  Old  Age ;  Lelius,  an 
Essay  on  Friendship ;  Sapio's  Dream ; 
Paradoxes;  Letter  tu  Quintus  on  Magis- 
trates. Trans.,  with  Notes,  by  C.  R.  Ed- 
monds.   Portrait,     v*  ^d, 

DEMOSTHENES'  Orations.  Trans., 
with  Notes,  Arguments,  a  Chronological 
Abstract,  and  Appendices,  by  C.  Kann 
Kennedy.    5  vols. 

DICTIONARY  of  LATIN  and  GREEK 

Quotations  ;  including  Proverbs,  Maxims, 
Mottoes,  Law  Terms  and  Phrases.  With 
the  Quantities  marked,  and  English  Trans- 
lations. 

With  Index  Yerborum  (6aa  pages).    6*. 

Index  Yerborum  to  the  above,  with  the 

Quantities  and  Accents  marked  (56  pages), 
nmp  cloth.     11. 

DIOGENES  LAERTIUS.    LiTSS  and 

Opinions  of  the  Ancient  Philosophers. 
Trans.,  with  Notes,  by  C.  D.  Yonge,  B.A. 

EPICTETUS.     The    Discourses    of. 

With  the  Encheiridion  and  Fragments. 
With  Notes,  Life,  and  Yiew  of  his  Philo- 
sophy, by  George  Long,  M.A.    A^.  S. 

EURIPn)ES.  Trans.,  with  Notes  and  In- 
troduction, by  T.  A.  Buckley,  B.A.  Por- 
trait,    a  vols. 

GREEK  ANTHOLOGY.  In  English 
Prose  by  G.  Burges,  M.A.  With  Metrical 
Yersions  by  Bland,  Merivale,  Lord  Den- 
man,  &c. 

GREEK  ROMANCES  of  Heliodoms, 

Longus,  and  Achilles  Tatius:  viz..  The 
Adventures  of  Theagenes  and  Charidea ; 
Amours  of  Daphnis  and  Chloe  ;  and  Loves 
of  Clitopho  and  Leucippe.  Trans.,  with 
Notes,  by  Rev  R.  Smith,  M.A. 

HERODOTUS.  Literally  trans,  by  Rev. 
Henry  Carj*,  M.A.     Portrait. 

HESIOD,    CALLIMACHUS,    and 

Theognis.  In  Prose,  with  Notes  and 
Biographical  Notices  by  Rev.  J.  Banks, 
M.A.  Together  with  the  Metrical  Ver- 
sions of  Hesiod,  by  Elton;  Callimachus, 
by  Tytler ;  and  Theognis,  by  Frere. 

HOMER'S  nUd.  In  English  Prose,  with 
Notes  by  T.  A.  Buckley,  B.A.    Portrait. 

^—  Odysseyt    Hymns,     Epigrams,    and 
Battle  of  the  Frogs  and  Mice.    In  Enslish     • 
Prose,  with  Notes  and  Memoir  by  T.  A. 
Buckley,  B.A. 

HORACE.  In  Prose  by  Smart,  with  NotM 
selected  by  T.  A.  Buckley,  B.A.  Por- 
traiu    v«  ^ 

JULIAN  THE  EMPEROR.  By  the 
Rev.  C.  W.  King,  M.A. 
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JUSTIN,  CORNELIUS  NEPOS,  and 

Eutropius.  Trans.,  with  Notes,  by  Rev. 
J.  S.  Watson,  M.A. 

JUTBNAL;     PERSIU8,     SULPICIA, 

and  Lucilms.  In  Prose,  with  Notes, 
Chronological  Tables,  Arguments,  by  L. 
Evans,  M.  A.  To  which  is  added  the  Me- 
trical Version  of  Juvenal  and  Persius  by 
GifTord.    Frontispiece. 

LIVT.  The  History  of  Rome.  Trans, 
by  Dr.  Spillan  and  others.  4  vols.  Por- 
trait. 

LUCAN'S  PharMlla.  In  Prose,  with 
Notes  by  H.  T.  Riley. 

LUCIAN'8  Dialogues  of  the  Gods, 

of  the  Sea  Gods^  and  of  the  Dead.  Trans, 
by  Howard  Williams,  M.A. 

LUCRETIUS.  In  Prose,  with  Notes  and 
Biographical  Introduction  by  Rev.  T.  S. 
Watson,  M.A.  To  which  is  added  the 
Metrical  Version  by  J.  M.  Good. 

MARTIAL'S  Epigrams,  complete.  In 
Prose,  with  Verse  Translations  selected 
from  English  Poets,  and  other  sources. 
Dble.  vol.  (670  pages).    7^.  t<L 

MOSCHUS.— wSrr  Tfuocritut. 

OVID*S  Works,  complete.  In  Prose, 
with  Notes  and  Introduction.    3  vols. 

PAUSANIAS'  Description  of  Gto'eeoe. 

Translated  into  English,  with  Notes  and 
Index.  By  .\rthur  Richard  Shilleto,  M. A., 
sometime  Scholar  of  Trinity  College,  Cam- 
bridge.   2  vols. 

PELALARI8.    Bentley's  Dissertations 

upon  the  Epistles  of  PliuUris,  Themisto- 
cles,  Socrates,  £uripidci>,  and  the  Fables 
of  .^sop.  With  Introduction  and  Notes 
by  Prof.  W.  Wagner,  Ph.  D. 

PINDAR.  In  Prose,  with  Introduction 
and  Notes  by  Dawson  W.  Turner.  To- 
gether with  the  Metrical  Version  by  Abra- 
ham Moore.     Portrait. 

PLATO'S  Works.  Trans.,  with  Intro- 
duction and  Notes.    6  vols. 

Dialogues.   A  Summary  and  Analysis 

of.  With  Analytical  Index  to  the  Greek 
text  of  modem  editions  and  to  the  above 
translations,  by  A.  Day,  LL.D. 

PLAUTUS'S  Comedies.  In  Prose,  with 
Notes  and  Index  by  H.  T.  Riley,  B.A. 
a  vols. 

PLINTHS  Natural  History.  Trans., 
with  Notes,  by  J.  Bostock,  M.D.,  F.R.S., 
and  H.  T.  Riley.  K.A.    6  vols. 

PLINT.     The  Letters  of  Pliny  the 

Younger.  Melmoih's  Translation,  revised, 
with  Notes  and  short  Life,  by  Rev.  F.  C. 
T.  Bosan^uet,  M.A. 


PLUTARCH*S    Morals.      Theosophical 
Essays.  Trans,  by  C  W.  King,  M.A.  N.  S. 


Trans,    by  A.  R. 


Ethical  Essays. 

Shilleto,  M.A.    A'..S. 

LiTes.    Stepte  7. 

PROPERTIUS,  The  Elegies  of.  With 
Notes,  Literally  translated  by  the  Rev.  P. 
J.  F.  Gantillon,  M.A.,  with  metrical  ver- 
sions of  Select  Elegies  by  Nott  and  Elton. 

QUINTILIAN*8  Institutes  of  Oratory. 
Trans.,  with  Notes  and  Biographical 
Notice,  by  Rev.  J.  S.  Watson,  M.A. 
s  vols. 

8ALLUST,  FLORUS,  and  VELLEIU8 

Paterculus.  Trans.,  with  Notes  and  Bio- 
graphical Notices,  by  J.  S.  Watson,  M.A. 

SENECA  DE  BENEFICIIS.  Newly 
translated  by  Aubrey  Stewart,  M.A. 
3J.  6</.    N.  S. 

SENECA'S  Minor  Works.  Translated 
by  A.  Stewart.  M.A.  [/m  tJU/ress, 

SOPHOCLES.    The  Tragedies  of.    In 

Prose,  with  Notes,  Arguments,  and  Intro- 
duction.    Portrait. 

STRABCS  Geography.  Trans.,  with 
Notes,  by  W.  Falconer,  M.A.,  and  H.  C 
Hamilton.  Copious  Index,  giving  Andcnt 
and  Modem  Names.    3  vols. 

SUETONIUS'  Lives  of  the  Twelve 

Ca»ars  and  Lives  of  the  Grammarians. 
The  Translation  of  Thomson,  revised,  with 
Notes,  by  T.  Forester. 

TACITUS.     The  Works  of.     Trans., 

with  Notes,    a  vols. 

TERENCE  and  PHJEDRU8.  In  Eng- 
lish Prose,  with  Notes  and  Arguments,  by 
H.  T.  Riley.  B.A.  To  which  is  added 
Smart's  Metrical  Version  of  Pluedms. 
W^ith  Frontispiece. 

THEOCRITUS,     BION,    M08CHUB, 

and  Tyrtaeus.  In  Prose,  with  Notes  and 
Arguments,  by  Rev.  J.  Banks,  M.A.  To 
which  are  appended  the  Metrical  Vek- 
siONS  of  Chapman.   Portrait  of  Theocritus. 

THUCTDIDES.  The  Peloponnesian 
War.  Trans.,  with  Notes,  by  Rev.  H. 
Dale.    Portrait,    a  vols.    js.  6a,  each. 

TYRTJEUB.—See  Theocritus. 

VIRQIL.  The  Works  of.  In  Prose, 
with  Notes  by  Davidson.  Revised,  with 
additional  Notes  and  Biographical  Notice, 
by  T.  A.  Buckley,  B.A.    Portrait,    yi.  fuL 

XENOPHON'S  Works.  Trans.,  wkh 
Notes,  by  J.  S.  Watson,  M.A.,  and  ochors. 
Portrait.    In  3  vols. 
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COLLEGIATE     SERIES. 

10  Vols*  at  5j.  each,    (2/.  \os,  per  set.) 


DANTE.  The  Inflomo.  Prose  Trans., 
with  the  Text  of  the  Original  on  the  same 
page,  and  Explanatory  Notes,  by  John 
.4.  Carlyle,  M.D.    Portrait.    N.  S. 

The  Pnrgatorio.    Prose  Trans.,  with 

the  Original  on  the  same  page,  ana  Ex- 
planatory  Notes,  by  W.  S.  Dugdale.   N.  S, 

NEW  TESTAMENT  (The)  in  Greek. 
Griesbach's  Text,  with  the  Readings  of 
Mill  and  Scholz  at  the  foot  of  the  page,  and 
Parallel  References  in  the  margin.  Also  a 
Critical  Introduction  and  Chronological 
Tables.  Two  Fac-similes  of  Greek  Manu« 
scripts.    650  pages.    3X.  6d, 

— —  or  bound  up  with  a  Greek  and  English 
Lexicon  to  the  New  Testament  (350  pages 
additional,  making  in  all  900^.    5X. 

The  Lexicon    may  be  had  separately, 
price  ar. 


DOBREE'S  AdTersaria. 
Greek  and  Latin  Classics.) 
late  Prof.  Wagner,    a  vols. 


Qjlotcs  on  the 
Edited  by  the 


DONALDSON  (Dr.)    The  Theatre  of 

the  Greeks.  With  Supplementary  Treatise 
on  the  Language,  Metres,  and  Prosody  of 
the  Greek  Dramatists.  Numerous  Illus- 
trations and  3  Plans.  By  J.  W.  Donald- 
son,  D.D.    N,S, 

KEIOHTLET'S  (Thomas)  MytholOKy 
of  Ancient  Greece  and  Italy.  Revised  by 
Leonhard  Schmitz,  Ph.D.,  LL.D.  12 
Plates.    N.  S. 

HERODOTUS,  Notes  on.    Original 

and  Selected  from  the  best  Commentators. 
By  D.  W.  Turner,  M.A.    Coloured  Map. 

— -  Analysis  and  Summary  of<i  with 
a  Synchronistical  Table  of  Events — Tables 
of  Weights,  Measures,  MoneVj  and  Dis- 
tances—  an  Outline  of  the  History  and 
Geography^— and  the  Dates  completed  from 
Gai^ord,  Baehr,  &c.     By  J.  T.  Wheeler. 

tUuCTDIDES.     An    Analysis    and 

Summary  of.  With  Chronological  Table 
of  Events,  &c,  by  J.  T.  Wheeler. 


SCIENTIFIC   LIBRARY. 

58  Vols,  at  p,  each,  excepting  those  marked  otherwise.     (15/.  3J.  per  set,) 


AGASSIZ   and  GOULD.    Outline  of 

Comparative  Physiology  touching  the 
Structure  and  Development  of  the  Races 
of  Animals  livingand  extinct.  For  Schools 
and  Colleges.  Enlarged  by  Dr.  Wright. 
With  Index  and  900  Illustrative  Woodcuts. 

BOLLEY'S    Manual    of  Technical 

Analysis;  a  Guide  for  the  Testing  and 
Valuation  of  the  various  Natural  and 
Artificial  Substances  employed  in  the  Arts 
and  Domestic  Economy,  founded  on  the 
work  of  Dr.  BoUey.  Edit,  by  Dr.  Paul, 
zoo  Woodcuts. 

BRIDQEWATER  TREATISES. 

. Bell  (Sir  Charles)  on  the  Hand ; 

its^  Mechanion  and  Vital  Endowments,  as 
evincing  Design.  ^  Preceded  by  an  Account 
of  the  Author  s  Discoveries  in  the  Nervous 
SyiBtem  by  A.  Shaw.    Numerous  Woodcuts. 


Kirby 


on  the  History,  Habits, 
and  Instincts  of  Animals.  With  Notes  by 
T.  ^ymtx  Jones.    100  Woodcuts,    a  vols. 

—  WhewelPs   Astronomy    and 

General  Physics,  considered  with  reference 
to  Natural  Theology.  Portrait  of  the  Earl 
of  Bridgewater.    y.  6d, 


BRIDQEWATER   TREATISES.- 

CoMtmveii. 
Chalmers  on  the  Adaptation  of 

External  Nature  to  the  Moral  and  Intel- 
lectual Constitution  of  Man.  With  Memoir 
by  Rev.  Dr.  Cumming.     Portrait. 

Front's  Treatise  on  Chemistry, 

Meteorology,  and  the  Function  of  Diges- 
tion, with  reference  to  Natural  Theology. 
Edit,  by  Dr.  J.  W.  Griffith.    2  Maps. 

Bnckland's  Geology  and  Miner- 
alogy. With  Additions  by  Prof.  Owen, 
Proi.  Phillips,  and  R.  Brown.  Memoir  of 
Buckland.  Portrait,  a  vols.  xsx.  Vol.  I. 
Text.  VoL  II.  90  large  plates  with  letter- 
press. 

Roffet's  Animal  and  Vegetable 

Physiology.  463  Woodcuts.  2  vols.  6s. 
each. 

Kidd  on  the  Adaptation  of  Ex. 

temal  Nature  to  the  Physical  Condition  of 
Man.    y.  6d. 

CARPENTER'S  (Dr.  W.  B.)  Zoology. 

A  Systematic  View  of  the  Structure,  Ha- 
bits.  Instincts,  and  Uses  of  the  principal 
Families  of  the  Animal  Kingdom,  and  of 
the  chief  Forms  of  Fossil  Remains.  Re- 
vised by  W.  S.  Dallas,  F.L.S.  Numerous 
Woodcuts,    a  vols.    6s.  each. 


J.  Ln«*ntlul.     Nfw  edition.  51.  I 

CKCntSUL  on   Colour.     Cootuninf    ! 

tht  Pnnciplet  of  HorraoaT  uid  Contnut 
of  Caloun,  vid  Iheir  AppLUadon  lo  tha    i 
An  ;     including     Paintinl.     EtecocUioD, 
TApsLria,     C*^a,     MovAICI.     GUziaK,     < 
Suining,     Calks     PHnting,      Letterpnu 
Printing,   Map  Colouring.  Dnu,  Luid- 

bf  C  Mulel.    Scvcnl  Plu^ 
With  in  iddilioaal  isiu  of  iS  PIkIU 

in  Coloun,  71.  td. 
EVHEHOSEIt'S    History  of  BlM^O. 

Trmns.  bv  W.  Hoiriil.    Wilh  u  Appendix 
of  Ihe  mou  murkiibh:  indbw  uillicnti- 

S^cond  S^"  TiblE-^irain°g">nd  Spirit 

Raiding,  Kc    1  volt. 
BttnCS  iDtroihiotloii  to  Aitronomr. 

Wil^i  Vocftbuluy  of  Lhe  Temu  in  prcKnt. 

UK.     NuDEiDoi  Woodiniu.    y.  6d.   XS. 
HOOO'B  (J«b«i)  Einiisnta  ol 


mcnul   >nd    N»tnr»l   Phil»ophy.      Being 

—  w 

El<!ciridty,    Voluiim,    uid    Migneiutu. 
,00  Woo3™u. 

eJ^ 

HOBF 

BITKBOLDTV  Connot;   or,  Skateb 

T«<u.  \.y  E.  C.  Ot«,  B.  H,  P«l,  ud 

A^er 
■hon 

W.  S.  Dillu,  F.L.S.    PonraiL     s  toU. 

3..  W,  aoh,  HCepting™l.v.,  ji. 
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in  Amcriai  daring  the  yan  ijw-iSiH. 
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STAUNTOSr. — Continutd, 

Chew  PrazlB.    A  Supplement  to  the 

Chess-player's  Handbook.  Containing  the 
most  important  modem  Improvements  in 
the  Openings :  Code  of  Chess  Laws  ;  and 
a  Selection  of  Morphy's  Games.  Annotated. 
636  pages.    Diagrams.    6f. 

Chess-Player't    Companion* 

Comprising  a  Treatise  on  Odds,  Collection 
of  Match  Games,  including  the  French 
Match  with  M.  St.  Amant,  and  a  Selection 
of  Original  Problems.  Diagrams  and  Co- 
loured Frontispiece. 

— -  CbeM    Tournament    of    1851. 

A  Collection  of  Games  played  at  this  cele- 
brated assemblage.  Widi  Introduction 
and  Notes.    Numerous  Diagrams. 


8TOCKHARDT'8  Experimental 
Chemistry.  A  Handbook  for  the  Study 
of  the  Science  by  simple  Experiments. 
Edit,  bv  C.  W.  Heaton,  F.C.S.  Nu- 
merous \Voodcuts.    N*  S, 

UBE'8  (Dr.  A.)  Cotton  Manufacture 
of  OttaX  Britain,  systematically  investi- 
gated ;  with  an  Introduaory  View  of  its 
Cconparative  State  in  Foreign  Countries. 
Revised  by  P.  L.  Simmonds.  150  Illus- 
trations,   a  vols. 

—  Phllofophy    of  Mannflaotnres, 

or  an  Exposition  of  the  Scientific,  Moral, 
and  Commercial  Economy  of  the  Factory 
System  of  Great  Britain.  Revised  by 
P.  L.  Simmonds.  Numerous  Figures. 
800  pages.    IS.  6d. 


ECONOMICS  AND   FINANCE. 

GILBART'S  History,  Prinolplee.  and  Practice  of  Banking.    Revised  to  1S81  by 
A  S.  Michie,  of  the  Royal  Bank  of  Scotland.    Portrait  of  Gilbart.    a  vols.    zof.    N.  S, 


REFERENCE   LIBRARY. 

28  Volumes  at  Various  Prices,    (8/.  los.perset) 


BLAIR'S     Chronological     Tables. 

Comprehending  the  Chronology  and  His- 
tory of  the  World,  from  the  Earliest  Times 
to  the  Russian  Treaty  of  Peace,  April  1856. 
By  J.  W.  Rosse.    800  pages.    lof. 

Index  of  Date*.     Comprehending 

the  principal  Facts  in  the  Chronology  and 
History  <4  the  World,  from  the  Earuest  to 
the  IVesent,  alphabetically  arranged;  being 
a  complete  Index  to  the  foregoing.  By 
J.  W.  Rosse.    2  vols.  fr.  each. 

BOHITS   IHctionary  of  Qnotations 

from  the  English  Poeu.  4th  and  cheaper 
Edition.    6x. 

BUCHANAN'S  Dictionar7  of  Science 

and  Technical  Terms  used  m  Philosophy, 
Literature,  Professions,  Commerce,  Arts, 
and  Trades.  By  W.  H.  Buchanan,  with 
Supplement.  Edited  by  Jas.  A  Smith.  6f. 

CHRONICLES  OF  THE  TOIfBS.    A 

Select  Collection  of  Epitaphs,  with  Essav 
on  Epita{>hs  and  Observations  on  Sepul- 
chral Antiouicies.  By  T.  J.  Pettigrew, 
F.R.S.,  F.S.A    5«. 

CLARK'S    ^ngh)   Introdnotion   to 

Heraldry.  Revised  by  J.  R.  Planch^.  S'- 
950  Illustrations. 

iVith  the  HlMstratiotu  cohurtd^  15/. 


COINS,  Mannal  ot.-^ee  Humphrtyt. 

DATESf  Index  ot.—See  Blair. 

DICTIONARY  of  Obsolete  and  Pro- 
vincial English.  Containing  Words  from 
English  Writers  previous  to  the  zpth 
Century.  By  Thomas  Wright,  M.A.. 
F.S.A.,  &C.    a  vols.  5«.  each. 

EFIQRAlfMATISTS  (The).  A  Selec- 
tion from  the  Epigrammatic  Literature  ef 
Ancient,  Medisevau,  and  Modem  Times. 
With  Introduction,  Notes,  Observations, 
Illustrations,  an  Appendix  on  Works  con- 
nected with  Epigrammatic  Literature, 
by  Rev.  H.  Dodd,  M.A.    6s.    N,  S, 

GAMES,  Handbook  of.  Comprising 
Treatises  on  above  40  Games  of  Cnance, 
Skill,  and  Manual  Dexterity,  including 
Whist,  BUliards,  &c.  Edit,  by  Henry  G. 
Bohn.    Numerous  Diagrams,    is.    N,  S. 

HENFRET'S  Onide  to  English 
Coins.  Revised  Edition,  by  C.  F.  Keary, 
M.A,  F.S.A  With  an  Historical  InUo- 
duction.    ts,    N,  S, 

HUMPHREYS'  Coin  Collectors* 
Mannal.  An  Historical  Account  of  the 
Progress  of  Coinage  from  the  Earliest 
Time,  by  H.  N.  Humphreys.  240  lUus- 
tratioos.    s  vols.  $«.  each.    N,  S. 
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BOHirS  UBRARIES, 


LOW  MDBS'  BtbUographer's  Manual 

of  English  Literature.  Containing  an  Ac- 
count  of  Rare  and  Curious  Books  pub- 
lished  in  or  relating  to  Great  Britain  and 
Ireland,  from  the  Invention  of  Printing, 
with  Biographical  Notices  and  Prices, 
by  W.  T.  Lowndes.  Parts  L-X.  (A  to  Z), 
yt.  td.  each.  Part  XL  ^Appendix  Vol.), 
5X.  Or  the  ix  parts  m  4  vols.,  half 
morocco,  a/,  ar. 

iteDICINE,  Handbook  of  Dome«tlC| 

Popularly  Arranged.  By  Dr.  H.  Davies. 
700  pages.    If. 

NOTED     NAMES     OF      FICTION. 

Dictionary  of.  Including  also  Familiar 
Pseudonyms,  Surnames  bestowed  on  Emi- 
nent  Men,  &c.  By  W.  A.  Wheeler,  M.A. 
5*.    A^  S. 


POLITICAL     CTCLOPJEDIA.      A 

Dictionarv  of  Political,^  Constitutional, 
Statistical,  and  Forensic  Knowledge  ; 
forming  a  Work  of  Relerenoe  on  subjects 
of CivilAdministration, Political  Economy. 
Finance,  Commerce,  Laws,  and  Social 
Relations.    4  vols.  31.  6d,  each. 

PROVERBS,  Handbook  of.  Con- 
taining an  entire  Republication  of  Ra^y's 
Collection,  with  Additions  from  Foreign 
Languages  and  Sayings,  Sentences, 
Maxuns,  and  Phrases.    5f. 

A  Polyglot  of  Foreign.  Com- 
prising French,  Italian,  German,  Dutch. 
Spanish,  Portuguese,  and  Danish.  With 
English  Translations.    51. 

SYNONYMS  and   ANTONYMS;   or. 

Kindred  Words  and  their  OfipositM,  Col- 
lected and  Contrasted  by  Yen.  C.  J. 
Smith,  M.A.    v    -A^  S, 

WRIGHT  (Th.)— J'm  Dictimuuy, 


NOVELISTS'    LIBRARY. 


12  Vohinus  at  y,  6d.  each^  excepting 

BURNETTS  ETellna;  or,  a  Young 
Lady's  Entrance  into  the  World.  By  F. 
Bumey  (Mme.  D'Arblay).  With  Intro- 
duction and  Notes  by  A.  R.  Ellis,  Author 
of '  Sylvestra,'  &c.    N.  S. 

—  Cecilia.  With  Introduction  and 
Notes  by  A.  R.  Ellis,    a  vols.    N.  S, 

D£    8TAEL.      Corinne   or    Italy. 

By   Madame    de    Stael.      Translated    by 
Kmiiy  Baldwin  and  Paulina  Driver. 

EBERS*  Egyptian  Princew.  Trans, 
by  Emma  Buchheim.    A'.  .S". 

FIELDINGPS  Joeeph  Andrews  and 
his  Friend  Mr.  Abraham  Adams.  With 
Roscoe's  Biography.  Cruikskank's  lUus- 
trtUions.    JV.  S, 


those  marked  otherwise.  (2/.  5/.  per  set.) 

TTELDHNQt.— Continued. 

Amelia*     Roscoe's  Edition,  revised. 

CruiMskanM's  Illustrations,    it.     N.  S. 

History  of  Tom  Joneiu  a  Foond- 

liag.      Roscoe's    Edition.      Cruikskank's 
Illustrations,    a  vols.    N.  S. 

GROSSrS    Marco    ViacontL     Trans, 
by  A.  F.  D.    N.  S. 

MANZONL     The  Betrothed :    being 
a    Translation   of    '  I    Promessi    Sposi. 
Numerous  Woodcuts,    z  vol.  (73a  pages). 
S*.    A^.  S. 

STOWE  (Mrs.  H.  B.)     Uncle  Tom*8 

Cabin  :  or.  Life  among  the  Lowly.    8  full- 
page  lUustratioos.    Jv.  S. 


ARTISTS'   LIBRARY. 

8  Volumes  at  Various  Prices.     (2/.  31.  6d.  per  set.) 


BELL  (Sir  Charlee).  The  Anatomy 
;tnd  Pniloeophy  of  Expression,  as  Con- 
nected  with  the  Fine  Artk.    55.    N.  S. 

DEMMTN.      History   of  Arms  and 

Armour  from  the  Earliest  Period.  By 
Aiiguste  Demmin.  Trans,  by  C.  C. 
Black,  M.A.,  Assistant  Keeper,  S.  K. 
Museum.   1900  Illustrations,  js.  6d.  N.  S. 

FAIRHOLT'S  Costume  in  England. 

Third  Edition.    Enlarged  and  Revised  by 
the   Hon.   H.  A.   Dillon,   F.S.A.     With 
more  than  700  Engravings,     a  vols.  5X. 
each*    AT.  S. 
Vol.  I.  History.    Vol.    I.  Gloisary. 


FLAXMAN.    Lectures  on  Sculpture. 

With  Three  Addresses  to  the  R.A.  by  Sir 
R.    Westmacoit,   R.A.,  and    Memoir   o 
Flaxman.  Portrait  and  53  Plates.  6f.  M'.'S. 

BEATON'S    Concise    History    of 

Painting.  New  Edition,  revised  by 
W,  Cosmo  MonkhouHc.     5*.     A'.^'. 

LEONARDO   DA   VINCrS   Treatise 

on  Painting.  Trans,  by  J.  F.  Risaud,  R.  A. 
With  a  Lite  and  an  Account  of  nis  Works 
by  J.W.  Brown.  Numerous  Plates.  5^.  N.S. 

PLANCHE'S    HlstoxT    of    BritUh 

Costume,  from  the  Earliest  Time  to  the 
zoth  Century.  By  T.  R.  Plaoch^  4«> 
lUustratioos.    5«.    N.  S. 
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BOHN'S   CHEAi^ 

PRICE  ONE  SHILLII^xRIES. 


% 

A  Series  of  Complete  Stories  or  Essays^  mostly 

in  BohfCs  Libraries^  and  neatly  bound  in  i.  ,        r^  ^ 
with  cut  edges  J  suitable  for  /Railway  j(^ 

ASCHAM  {ROGER),— 

SCHOLEMASTER.    By  PROFESSOR  Mayor. 

CARPENTER  {DR,  W,  B.).— 

PHYSIOLOGY    OF    TEMPERANCE    AND    Tv 
STINENCE. 

EMERSON,—  "  . 

ENGLAND  AND  ENGLISH  CHARACTERISTICS.  \ 
on  the  Race,  Ability,  Manners,  Truth.  Character,  Wealth,  Religion, 

NATURE  :  An  Essay.    To  which  are  added  Orations,  Lee 
and  Addresses. 

REPRESENTATIVE  MEN:  Seven  Lectures  on  Plato,  S\v. 
DENBORO,  Montaigne,  Shakespeare,  Napoleon,  and  Goethe. 

TWENTY  ESSAYS  on  Various  Subjects. 
THE  CONDUCT  OF  LIFE. 

FRANKLIN  (BENfAMJN).— 

AUTOBIOGRAPHY.    Edited  by  J.  Sparks. 

HA  WTHORNE  {NA  THANIEL).— 

TWICE-TOLD  TALES.    Two  Vols,  in  One. 

SNOW  IMAGE,  and  other  Tales. 

SCARLET  LETTER. 

HOUSE  WITH  THE  SEVEN  GABLES. 

TRANSFORMATION  ;  or  the  Marble  Fawn.     Two  Parts. 

HAZLITT  (W,).— 

TABLE-TALK  :  Essays  on  Men  and  Manners.    Three  Parts. 

PLAIN   SPEAKER:    Opinions  on  Books,  Men,    and   Things. 
Three  Parts. 

LECTURES  ON  THE  ENGLISH  COMIC  W^RITERS. 

LECTURES  ON  THE  ENGLISH  POETS. 


